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GEOLOGY OF SANTANDER. 



THE Province of Santander, or, as it is more characteristically 
called by the Spaniards, " La Montana", was until quite 
recently looked upon as a poor and sterile region. The peculiar 
physical features of the province, composed as it is of a conti- 
nuous succession of unproductive or inaccessible mountain chains, 
and narrow and comparatively limited valleys, and without any of 
those large level plains whicn constitute the basis of the wealth 
of the central provmces, was no doubt the cause of this reputation ; 
while the imperfect state of its roads, and the ignorance and 
depreciation of agricultural science and pursuits which neces- 
sarily resulted from a deficiency of the means of internal com- 
munication, and lastly, the ignorance which prevailed regarding 
its mineral wealth, apparently justified it. However merited 
this reputation maybe, if we contrast the province with the more 
fortunate ones of the south, it was on the whole, however, 
exaggerated, and is gradually disappearing, as the resources of 
the province are being more fully opened up. 

The causes above cited, in conjunction with the unsettled 
political state of the country during the first half of the present 
century, have prevented, or at least considerably retarded, the 
carrying out of the scientific study of the province, either as a 
private enterprise or as a governmental measure. Happily, how- 
ever, for the province and for science, the active development of 
the School of Mines, and the coincidental discovery of several 
rich mineral deposits in difierent parts of the province during the 
last ten years, nave necessarily led to the detailed study of its 
geologiciu and mineralogical features. To the government 
engineers has naturally fallen the heavier part of the work, and 
if me public does not already possess the complete results of their 
labours, the delay must in a great measure be ascribed to the 

Sressure of their many onerous duties, and to the topographical 
ifficulties which Spain, especially in its northern provinces, 
presents. 

In the meantime, until a complete and detailed survey of the 
province shall be published, the following notes may perhaps 
De found useful. They have no pretensions to that exactitude of 
detail which must result rather from continuous special and col- 
lective observations, than from the disconnected efforts of private 
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8 Geology of the Province of Santander. 

individuals otherwise continuously occupied.* We propose to 
arrange them under the following heads : 

I. Outline sketch of the physical geography of the province. 

II. Outline of the geological features of the parts of the 
province of Santander bounded by the bay of Santander on the 
east, the river Deva on the west, the main Cantabrian chain on 
the south, and by the sea on the north. 

III. Geognostical relations of the more important metalliferous 
deposits. 

IV. Mineralogical structure and chemical composition of the 
ores, with some remarks upon their mode of production. 

The sketch of the physical geography being merely intended 
to bring before the reader's mind the more salient orographical 
and hydrographical features of the district, without which it 
would be difficult to realize its true geological character, must 
necessarily be very brief The title of our paper will sufficiently 
indicate that we do not pretend to settle definitively the exact 
stratigraphical classification or age of all the rocks which occur 
in the district. To do so, for a country crossed by high, and 
often almost inaccessible moimtains, would require a very close 
and detailed study, and far more complete coUections of fossils 
than have yet been made. The second division of our notes must, 
therefore, be looked upon as only an explanatory introduction to 
the third and fourth ones. We believe, however, that, notwith- 
standing its many deficiencies, and that some of our statements 
may require modification hereafter, our sketch of the geological 
features of the province wiU be found to be a contribution to the 
previous knowledge of the district. 

I. Outline Sketch of the Physical Geography of the 

Province. 

The province of Santander forms part of the strip of moun- 
tainous land which constitutes the southern shore of the Bay of 
Biscay, and is separated from the central plateaus by the Canta- 
brian Mountains, or prolongation of the Pyrenees, which, under 
various names, traverse the north of Spain firom east to west. Its 
eastern boundary is formed by the province of Biscaya, and its 
western by that of Asturias. Its width firom the mountains to the 
Bay of Biscay is about twenty-five miles, and its length about sixty 

^ A portion of the mineralogical observations which are contained in the fol- 
lowing notes, have already formed the subject of a paper which was read before 
the Royal Irish Academy on the 1 1th November, 1861, and which has been pub- 
lished in its Proceedings^ vol. Vlll., part I., p. 5. 
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Description of Section I. 9 

miles. The Spanish name of " La Montana" is pecuUarly appro- 
priate, at once furnishing a very correct idea of the general topo- 
graphical character of the province, while it at the same time 
suggests to the mind that variety and interest to which, in a 
geological point of view, it may fairly lay claim. 

Mountain-chains are, in fact, the dominant physical feature 
of the province. The southern boundary, as already stated, rests 
on the portions of the Cantabrian chain, which are known by 
the names of Sierra Engana, Sierra de Sejos, Sierras Albas, 
Picos de Europa, etc. Those high peaks, which increase in 
elevation from the Sierras Engana and Sejos, east of Beynosa, 
to the confines of the province of Asturias, present peculiar 
outlines according to the nature of the component rock. Where 
sandstone predominates, the forms are more rounded and the 
outlines less broken, and in some cases becoming castellated, 
where a certain regularity of bedding and a hajder and less 
jointed rock offered greater resistance to the denuding agencies 
than the neighbouring points. The peculiar colour of the land- 
scape also deserves to be noted ; the various tints of green and 
brown blending together, and vaiying in intensity according to 
the activity of vegetation and the greater or lesser amount of sur- 
face denudation which the rocks have undergone ; the latter, in 
its turn, depending, to a certain extent, upon the aspect and 
inclination of the beds. A curious belief of the country people, 
which attributes the eating away of stone imder atmospheric 
influence to its exposure to the direct rays of the moon, indicates 
at once the extent to which those sandstone rocks decay, and the 
influence which certain aspects, in which they are continuously 
exposed to a maximum of alternations of heat and cold, have 
upon their outlines. 

Such physical peculiarities have, as may be supposed, a direct 
influence upon the habits and mode of life of uxe population. 
Nearly the whole of the centre of the province, as weU as part 
of the coimtry lying between the Dobra or subchain, is occupied 
by sandstone. The beds of this rock alternate in many parts 
with beds of clay and shale, which afford materials for soils, some 
of which are pasture lands, and others are covered with woods 
and copses, thus affording the rural population a supply of fuel 
and materials for building and furniture. Three-fourths of this 
sandstone region is, however, commons land, rarely presenting 
any extensive plains capable of calling forth the agricultural 
energy of the population, and serves principally as pasture for 
the sheep and cattle which constitute the wealth of the inhabi- 
tants. In the higher and more inaccessible ranges, some very 
fine forests still exist, which furnish very excellent ship-building 
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materials, both for the military and mercantile marine. By far 
the most extensive and magnificent of these great forests still 
grows in full luxuriance, clofliing the sandstone rocks, in which 
Ees the upper valley of the river Deva, in the district of Li^vana. 

With fine and extensive pasture land, narrow, but fertile 
valleys, a comparative abundance of timber and other building 
materials, in a country rugged and thinly populated, and conse- 
quently presenting great natural difficulties for road making, it 
can easily be understood that the population must offer many of 
those traits of character and habits peculiar to borderers and 
mountaineers. Their very tools represent t3rpes, which carry us 
back in imagination to the time of the Romans, and yet, when 
attentively examined, show a degree of adaptability to the 
wants of the people, not always to be met with in more modem, 
and what, on that account, are too often considered to be more 
imOToved forms. 

The remainder of the surface of the province is princi- 
pally formed by limestones, some of which constitute mountain 
masses equally interesting, and more prominently conspicuous. 
More compact and resisting in texture than the sandstone, 
and at the same time less alternated with beds of clay and 
shale, and presenting a greater number of vertical disloca- 
tions and jomts, they form ranges of mountains generally run- 
ning east and west parallel to the coast line, and which, rising 
successively in elevation from the coast, determine the general 
physical outlines of the principal valleys. Where the beds 
attain a high inclination, as in the mountain ranges to the E., 
w., and S.W., the outlines of the mountains are highly varied 
and picturesque, offering many of those pointed summits so 
characteristic of some of the Alpine ranges, of which the Na- 
ranja de Bulnes, one of the peaks of the Luropa chain, where the 
elevation reaches more than 2600^, affords a good example. 
Precipitous sides, deep narrow valleys, generally the beds of 
mountaiii torrents or rapid streams, and often presenting natural 
caverns filled with stalactites ; a nearly uniform grq-yish white 
colour, due to the bareness of the rock, especially when it has 
a southern aspect, relieved now and then by tufts of trees, and 
in the higher ranges by the intense green of the live oak, whose 
tortuous roots adapt themselves to tne rugged surface and deep 
narrow clefts of the rock, — ^such are the prmcipal characteristics 
of the limestone region of the province, and which, taken in 
conjunction with those already described as peculiar to the 
sandstone districts, fully justify the title of " La Montana". 

Seven principal rivers traverse the province, all of which rise in 
the valleys formed by the spurs of the main chain of the Canta- 



Digitized by VjOOQIC 



Description of Section II. 1 1 

brian Pyrenees. Commencing with the most westerly, they 
are: the Deva, the Nansa, the Besaya with its confluent the 
Saya, the Pas with its confluent the Pisuena, the Miera with 
its confluent the Riano, the Campiezo, and the Ason. In their 
upper courses they have all the characteristics of torrents fed by 
numerous streams which flow down the sides of the mountains. 
Their general direction is from south to north ; and, owing to the 
great declivity of their whole beds, which traversing, as they do, a 
country that rises so rapidly from the sea into high mountains, 
their waters, carried forward with impetuosity, seem to have cut 
through all intervening obstacles, even the Dobra chain, nearly 
perpendicularly to the general direction of the latter. They 
nave rarely formed wide valleys or alluvial plains, so valuable 
for agriculture, the more extensive being those of Cabazon de la 
Sal, Torre la Vega, and that of Renedo, immediately below 
Viesgo. None of the rivers are navigable except the Besaya, at 
Suansez, for a few miles &om the sea, the Deva and the Nansa 
forming merelj short estuaries of difficult access for shipping. 
The declivity of their course, and the great facilities vmich 

E resent themselves of forming heads of water in the narrow 
iteral valleys along their courses, fit them on the other hand to 
be sources of immense water-power. The most remarkable are 
certainly the Besaya, which traverses the whole province, and 
along whose course run both the high road ana the railway 
whidi connects the province with the south; and the Deva, 
which rises in one of the most productive parts of the province, 
the valley of Potes, and which traverses the whole eastern side 
qf the limestone region forming the mountains of Europa, its 
bed lying in a valley very much encased in rocks, and in some 
places even escarped. 

II. Outline of the geological features of the parts of 

THE province OF SaNTANDER, BOUNDED BT THE BAY OF 
SaNTANDER ON THE E., THE RIVER DeVA ON THE W., THE 
MAIN CaNTABRIAN CHAIN ON THE S., AND BT THE SEA ON 

THE North. 

§. 1. General lithological character of the rocks of the main chain, 
and description of the section I., Plate 2, corresponding to A3 
on the map of the province. 

The centre and south-western j^arts of the province are occu- 
pied by two groups of rocks, distinct not only in their general 
physical characters, in their comparative masses, but also m their 
superficial extent and the elevation which they attain in the 
prmcipal mountain ranges. 
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The first, by far the more massive, and constituting some of 
the highest peaks in the s.w. of the province, is represented 
principally by a limestone remarkably jagged in its outlines, 
hard and splintery, generally white externgJly where most ex- 
posed, but grayish internally, and often almost black in its lower 
part, being then also much shivered. In certain places where 
high escarpments present themselves, bands of homstone are 
found. In others it has a saccharoidal texture, and becomes 
slightly rose coloured, and apparently dolomitic. Some very 
large caverns occur in those escarped simaces, not unlike what are 
seen in the valley of the Mouse, and which serve as shelter for 
the herds of goats and mountain sheep which can alone live iipon 
those precipitous mountain sides. Those caverns, like the !Bel- 
gian ones, contain no doubt fossil bones, and are hence deserving 
of investigation. Many of the similar caves in the neighbouring 
province of Asturias do contain fossils, according to Don G. 
Schultz. Lesser caverns, fissures, and curious holes are also ob- 
servable in this rock, and are distinguishable from similar 
appearances in the newer rocks by the apparent absence of any 
traces of bedding which might accoimt for their formation. 

At its base this limestone seems to be associated with a hard 
grav sandstone rock ; and both rest unconformably upon thick 
beds of slate clay, generally dark-coloured, though occasionally 
reddish. Beds of conglomerate, formed principally of quartz 
pebbles, with an extremely hard silicious cement, surpassing in 
that respect the sandstone, appear to be also associated with those 
slate clay beds. The limestone rocks are very much upheaved, 
the beds being often nearly vertical, and forming a succession of 
anticlinals whose general strike may be taken as e. a few degrees 
N., as in the neighbouring province of Asturias. 

The second group of rocks consists of beds of variegated clays, 
alternating with soft sandstones, beds of slaty clay, tmn beds of 
marly limestone of a dark gray colour, alternating with thin 
layers of black marly clay. The predominating colour of the 
sandstones is red, the colour becoming more intense in the lower 
beds, the texture of which is also more compact, and the beds 
thicker. 

The limestone rocks upon which the beds of clay, sandstone, 
etc., rest near the Deva, rise to the south and south-west into the 
lofty moimtains of the Picos de Europa and other ranges, whose 
jagged peaks, picturesque but inaccessible escarpments, and deep 
gorges, characterise the higher ranges of the Cantabrian chain. 

The remaining portion of the province forms a belt of about 
S^"" to lO'""- wide, and is the most accessible. Being most dis- 
tant from the axis of the Cantabrian chain, the mountain ridges, 
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Description of Section II. 13 

whicla, as already mentioned, generally run e. and w., have 
there less elevation, and present greater facilities of access, and 
less irregularity in the stratification of their component beds. 
The Dobra range, which may be looked upon as the southern 
boundary of this belt, is cut perpendicularly by several of the 
principal rivers which water the province, the Deva, the Nansa, 
the Besaya, and its confluent the Saya, etc. Thus the valleys 
of those rivers olTer a series of excellent natural sections, so that 
by following either of the latter to its point of junction with the 
range in question, and carefully examining the lofty and pre- 
cipitous rocks which overhang and close in their torrential beds, 
the peculiar geognostical features of the different formations may 
be studied. We propose first to study those sections in detail, 
and then to sunmiarize the conclusions which may be drawn from 
their study respecting the geological relations of the rocks of this 
belt, which to a certam extent may be looked upon as the key of 
those of the whole province. 

The most natural order in which to study our sections will 
obviously be, to begin at that one which traverses chiefly the 
oldest rocks. We shall accordingly commence with that afforded 
by the valley of the Deva. This order will present the additional 
advantage of illustrating, by the description of the rocks occur- 
rinff alonff the section, what we have just said concerning the 
rocks of me main chain. 

The coast at the mouth of the Deva is formed by a hard white 
quartzose sandstone, which is a continuation of those remarkable 
high platforms formed by alternations of hard limestone and 
quartzose sandstone, which give such a peculiar character to the 
Asturian coast, and which will be fully described at p. 46. This 
sandstone is in contact with nummulitic beds from near Pesues 
westward to Columbres beyond the Deva. The nummulitic 
series is particularly remarkable between Unquiera and Pesues, 
on account df the hiffh dip of the beds, their great mass, and 
their relation to the platform just alluded to. It consists of the 
usual limestone containing Conoclypua conoideus^ Ag., Ostrea 
latisiima^ Desh., Serpvla spirukBa, Sow., etc., yellow sand and 
sandstone. To the south these beds rest upon the usual succes- 
sion of cretaceous rocks. 

To the south of Columbres limestone rocks, hitherto considered 
to be carboniferous, rise into a considerable mountain, having an 
elevation of about 350"*' to 400^ at least, and forming part of 
the east and west range called the Sierra de Cuera. On the 
south of this mountain, and near its summit, is situated the village 
of Alevia. Here the limestone, which dips to the north at an 
angle varying fi:om 40"^ to 45°, forms a bold and precipitous 
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declivity towards the valley. This limestone is nearly black, 
and seemingly much fractured, the joints being filled up with 
a rose coloured calc spar. The colour of the spar may be due 
to the neighbourhood of a bed of manganese which occurs nearly 
at the top of the mountain, and which, from its strike being east 
and west, and its dip about the same as that of the beds of en- 
closing rocks, may be contemporaneous. The ore would seem 
to have been chiefly manganite. This circumstance, joined to 
the almost inaccessible position of the mine, defying all attempts 
at road-making, and leaving no other method of transport prac- 
ticable but the shoulders of the vimrous inhabitants of the 
village, contributed to render the works unprofitable. 

According to Don 6. Schultz, another patchi of cretaceous 
rocks occurs in the valley to the south of Alevia, but we have 
had no opportunity of examining the locality, nor have we any 
reliable data as to their precide nature. It is certain, however, 
that beds of limestone containing numerous fossils, and nearly 
vertical, occur near the eastern extremity of this valley, the 
high ToeA which leads to Unquiera being cut in their vertical 
beds. The rock in question is of a dark grayish-blue internally ; 
a thin zone of about one inch thick, of a somewhat brownish 
colour, evidently due to weathering, being found at each side of 
the several beds. The texture is saccnaroidal, and in that 
respect is very similar to that of certain limestones found in the 
neighbourhood of the principal dolomite bed of the province, 
whue, on the other hand, it is quite distinct fix)m that of the 
great limestone mass already described. 

Following the line indicated on the section, and traversing 
the valley in which the Deva flows, bending towards the east 
for about a nule, and then returning to the direction of its former 
course, the first crests of the lower ranges of the Penas de Europa 
are met with. The stratification may be still observed, having 
the same general strike, but a higher dip than at Alevia. Those 
nearly inaccessible mountains, wnich present an extremely un- 
even surface, generally clothed with trees peculiar to those high 
ranges, rise continuously in elevation up to Tresviso, to the south 
of which a very deep and narrow valley occurs, running east and 
west, and forming a bed for a wild mountain torrent, fed by the 
melting snow of the Europa chain. Between the point of junc- 
tion of this stream with tne Deva and the valley of Alevia, the 
underlying hard gray sandstone presents itself on both sides of 
the bed of the river Deva, apparently forming an anticlinal axis, 
as indicated in the section. About one mile to the south of this 
point of junction, and consequently higher up the course of the 
river, occur the hot springs of La Hermida, of which mention 
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will be made hereafter. Here the dip of the limestone can 
scarcely be determined, the bedding being still less marked. 
The colour becomes darker in that part which overhangs the 
Deva, and still more so near its contact with the beds of shale 
in the valley of Potes ; bands of black limestone are also frequent 
in it. 

The line of section passes over the Penas de Europa, which 
form the highest peaks in the province, attaining, as already 
mentioned, an elevation of 2600^, and whose mines of calamine, 
blende, and galena are extremely interesting. The limestone 
here presents the same general aspect as in the lower ranges, but 
becomes whiter and more marble like, and is also much more 
highly fissured. On the north side of the valley of Potes the 
limestone beds are almost vertical, inclining about 10^-12® to 
the north ; they form as it were an immense wall, so bold and 
clear is their outline, and so precipitous their declivity. Imme- 
diately underlying the limestone are found beds of hard shale and 
clay, out of whioi the valley of Potes has been eroded ; these 
beds are abo nearly vertical. Associated with these shales in 
the inferior beds are found quartz conglomerates, derived no 
doubt from the denudation of the gray sandstone or quartzite- 
like rock which underlies conformably the shale and clay just 
described, and in which are found veins of copper associated 
with veins of quartz, as will be more fully inoicated in the 
description of the mines of Pico Jano. 

§. 2. Description of Section II., PL 2, corresponding to Section 
CD of the map. 

We have already mentioned that between San Vicente de la 
Barquera and the Asturian border village of Columbres, is found 
a considerable development of nummuhtic beds. These are in- 
dicated in the cross section I., PI. 2, which is marked on the 
map by the line CD, which passes through San Vicente. The 
dip of these nummulitic beas is about 20*^ to 25° n., passing 
under the newer formation situated between its outcrop and the 
sea, and disappearing apparently in the direction of Cabiedez, 
near a village called Roiz, under the overlying rocks. The 
estuary whicn runs by San Vicente, and which receives a moxm- 
tain stream near the point called Pena Candil, about three miles 
south from the coast, nas cut through the bed, and Aus laid bare 
a section on each side. Near the point of junction just mentioned, 
a very fine specimen of Heniipneustea radiat'tia, Ag., was found, 
which the action of the stream had left in situ^ the enclosing 
marly limestone having been eaten away. Between this point 
and that more to the south, where the beds constituting the 
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Florida mountain crop out, the dip of the strata varies from that ' 
abeady described, tending to become horizontal, and even appa- 
rently to incline towards the south, and then rising again, so 
that the beds present anew their original dip to the north. 
There is thus naturally formed a sjmclinal trough, slightly 
marked in the lower beds, but quite recognizable in the upper 
ones of sandstone, their castellated outlines forming conspicuous 
objects, when viewed either from the valley on the north side of 
the synclinal axis, or from that to the south. It is this irregu- 
larity in the continuity of the dip of the strata which brings the 
underl3dng beds, characterised by the abundance of Micraster 
coranguinumy Ag., to the surface as well to the north as to the 
south, in front of the Florida mountain, and also the overlying beds 
of sandstone, and the thick underlying beds of greenish sandstone 
and ochreous clay. From under these, limestone beds come out 
with a dip of 40*^ to 45°, and form the Florida mountain, in 
which a remarkable mass of dolomite occurs, which will be more 
fully described when we come to the description of the Florida 
mines; the mountain itself has an elevation of about 550"* 
to 600™' above the sea. The dolomite crops out near the south 
side of the crest of the mountain, and rests conformably on beds 
of limestone. Immediately underlying the limestone are found 
beds of shales and clay, which form the bottom of a deep 
narrow valley that separates the Florida from the Escudo moun- 
tain, where terminates the section, and which consists of the red 
sandstone beds hereafter to be described, as occupying the interval 
between the beds of Mercadal and the limestone of the Dobra 
range (Sect. IV. PL 3). 

Between the Escudo mountain, which rises to an elevation of 
about 700"-, and the underlying Dobra limestone formation, 
intervenes a valley in which is situated the village of Celis, not 
far from the junction of the sandstone and limestone. Very 
large crystals of quartz are found here, some being clouded, and 
others perfectly transparent. This is perhaps the omy place in the 
province where transparent crystals occur, although quartz crys- 
tals with other pecuharities are elsewhere abundant, and will be 
noticed in connection with the limestone of the Dobra range. 

The beds of nummulilic limestone above described as sinking 
near Roiz, rise again to the surface with a north-east strike, and, in 
conjunction with other rocks of the same age, seem to form the 
headland called Cape Hoyambre, which lies between San Vicente 
de la Barquera and the Rabia stream, to the westward of which 
they run out into the sea towards the north-east, forming a very 
remarkable reef about a mile and a half in length, well known to 
the fishermen of the coast, on account of the safe anchorage 
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which they find behind this natural mole during the north-west 
gales. Apparently they do not again reappear along the coast, 
not being recognizable at Comillas, nor yet still fartner to the 
east, where the transverse section FG (on the Map, sect. III., 
PL 2) is supposed to be taken. If we suppose a plane of section 
to pass through the beds forming the eastern side of the bay of 
San Vicente, at about 1^- from the last described section, and 
parallel to it, we have the following succession of beds : — 

1. Beds of limestone dipping n. 45° or 50®, forming the great mass 
of the Cape Hoyambre, which bounds the bay on the e. They 
apparently correspond to the beds upon which is built the Castle 
of San Vicente, and in which Orbitolinas are very abundant. 

2. A thin bed of dolomitic limestone, leas brown and more rosy or 
pink, as also more compact, than that of Comillas. It forms a bold 
escarpment on the road to San Vicente, near its junction with 
the old road dd Tejo, This rock appears to form a part of the 
next series of beds. 

3. Eed ochry clay, very plastic, and consequently producing very 
good tiles and bricks. Some beds are almost white, others blue 
and mixed with gypsum, which is generally transparent, and also 
with grains of quartz. A bed (or beds) of a red conglomerate, 
formed of pebbles of quartz, cemented by carbonate of lime, occurs 
here also, fragments of which exist as large boulders on the strand 
between Cape Hoyambre and San Vicente, forming very conspicu- 
ous objects. Some other rocks, chiefly limestone and alternating 
with dark gray marls in which lignite has been repeatedly found, 
intervene between the ochry clays and the nummulitic limestone 
No. 4. 

4. Nummulitic limestone, the dip of which is somewhat lower than 
that of the clay beds ]^o. 3, and containing Hemipnmstes radiatusj Ag. 

5. Sandstone in immediate contact with the nummulitic beds ; some 
of them, particularly in the lower portion of the group, are coarse 
grained, almost conglomerates, and nearly white in colour. 

6. Marly limestone, full of fossils, Micraster coranguinumy Ag., being 
extremely abundant. 

7. Thick beds of limestone, generally presenting a gra3rish colour, a 
sub-crystalline or dolomitic grain, distinct however from what is 
known as saccharoidal. The outside of the beds is generally 
weathered, the colour there changing and becoming brownish gray. 
Intercalated beds of marly black clay also occur. 

3. Beds of ochry sandstones and clay, one of which is black and 
slaty, being also highly impregnated with iron pjrrites. 

9, Thick beds of limestone, some of which near the base of the 
group are very marly, of a grayish, black colour, apparently hy- 
draulic in their character, and containing large oysters imbedded 
in the mass. 

10. Principal bed of dolomite, consisting of a bed of brownish gray 

2 
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crystalline rock, extremely hard, very cellular, and presenting but 
few traces of stratification in its interior mass. The weathered 
surfaces show them however perfectly, as also the concordance of 
this stratification with that of the overlying and underlying rocks, 

11. Secondary bed of dolomite, quite similar in texture and general 
characters to No. 10, from which it is separated by about 50™' 
thick of limestone. It is quite irregular and almost insignificant 
in thickness, as compared to that of the principal bed. 

12. Limestones of a grayish colour, tinged with iron, very loose in 
their texture, but hard and alternating with beds of marly clay. 

13. Brownish clays alternating with thin beds of limestone. 

1 4. Red sandstone of the Escudo mountain. 

The beds Nos. 2 and 3 line the south side of the bay of San 
Vicente, enter the harbour, and form the south-western shore, 
upon which the principal part of the town has been built. The 
ease with which they may be eroded would account for the for- 
mation of the Ria, or estuary, which constitutes this harbour. On 
this s.w. shore formerly existed a large boulder of the dolomite, 
some ten or twelve cubic metres in volume. At the point where 
the numraulitic limestone crops out on the south-east side of the 
Ria of San Vicente, about 2^*50 from the principal bridge, 
beds of dolomite with traces of calamine and galena occur. 
This dolomite is probably identical with No. 2 m the above 
table, its reappearance being explained by supposing a synclinal 
valley extending between this point and the sea-shore. The suc- 
cession may, however, be perfectly regular, in which case we 
should assume the existence of two beds of dolomite. In either 
case the occurrence of dolomite here is very interesting, because, 
firstly, it probably belongs to the tertiary formation, and secondly, 
from its containing calamine, which would thus be proved to have 
been deposited during that epoch. In a subse(juent part we shaU 
have more to say on this subject. In placing it, however, in the 
tertiary formation, we do not consider its position as definitely 
settled, foi a closer examination may show that it is really a con- 
tinuation of the dolomite of Comillas. The existence of beds of 
dolomite on the heights between the Rabia and the Ria of San 
Vicente, near the village of El Tejo, while favouring this 
latter point of view, does not at all preclude the former. 

§. 3. Description of Section III., PL 2, corresponding to Section^ 
FG on Map, and AB, PI. 5. 
The plane of this section traverses the valley of Comillas be-: 
tween Tramalon and the valley of Ruyloba, though closer to the 
first-named point. All along the trough of this valley, which ex- 
tends from tne mountain stream La Rabia one and a half miles to 
the west of Comillas, to Tramalon, about two and a half to three. 
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miles to the east, the dolomite presents itself continuously, 
forming a very distinct anticlinal, and bounded on both sides by 
limestone beds whose upheaval and subsequent denudation have 
left it bare (see Plate 4). The dips of the limestone on the 
north and south sides are variable, being generally highest on the 
north, alonff which abundant fossils may be collected, particularly 
in the neighbourhood of Venta la Vega, about three quarters of 
a mile east of Comillas. 

In the limestone indicated on the section as immediately over- 
lying the dolomite, are found in great abundance Orbitolina con- 
cava, Lam., Rhynchonella depressa, d'Orb., and Terebratula Me- 
nardi, Lam. Upon those beds, and towards the sea, rest confor- 
mably a thick series of soft green sandstone beds ; upon those rest 
limestone beds, of which a more detailed description will be given 
further on. Those beds rise about 100"* above the level of the 
sea, forming a hilly chain along the north of the valley. The 
dolomite exposed here is about 250"* to 300"* in breadth; it is 
partially covered over by the highly ochreous earth which consti- 
tutes the soil : portions of it, however, stand out here and there, of 
a deep brown colour and a rugged and weather-beaten appear- 
ance, which is eminently characteristic of the dolomite through- 
out the province. Its stratification is here nearly horizontal, but 
it dips away to the north and south at the jimction with the 
limestone. This has many deep narrow fissures, some being 
mere joints, but others are of a suflicient width to have admitted 
of being subsequently filled up by infiltration from the overlying 
soil. Traces of calamine and blende are found near the middle, 
forming a continuation of the Venta metalliferous lode. The 
dolomite on the south side dips gently to the south, and appa- 
rently comes up again in the valley of Pelurgo, a little to the 
north of that of Udias. The limestone beds which overlie it, 
and whose stratification near the valley of Comillas varies little 
from the horizontal, dip, however, to the south, while in that 
of Pelurgo they dip sughtly to tlie north. In these beds at 
Ruyloba have lieen foimd the fossils. 

The beds just described are covered conformably by greenish 
sandstone (indicated in section III. of PI. 2 by No. 8, and by 
the letters «. «. of PL 4, the sandstone here not being tinted). 
Between the valley of Pelurgo and that of Udias lies the range 
of hills forming the northern side of the latter, as shown in the 
section, and more fully in Plates 11, 12, and 13. In PI. 13, a 
section (a) of the valley indicating the stratigraphical succession 
of the beds, shows the sandstone and limestone rocks above 
described overljring the dolomite. The sandstone, however, has 
been partially eroded, and is only exposed on some of the hilla/ 
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Undemeatli the dolomite, a shelly limestone comes out on the 
north side of the valley, in which large oysters occur abundantly ; 
the lower bed yields also a fine hydraulic cement, of a peculiarly 
beautiful cream colour after it has set. The fossil oysters are 
likewise found in this bed, but not so frequently as in the upper 
beds. In preparing the cement they are caremlly separated, as 
their presence is injurious to its quaHty, no doubt because they 
are almost pure carbonate of lime. A similar bed is found well 
developed likewise at Novales and Ciguenza, underlying the 
dolomite. A series of beds of friable sandstone and clay crops 
out from beneath this limestone ; particles of mica are frequent 
in them, and they seem to have furnished a certain portion of 
the detritus found in the joints of the imderlying limestone. 
Some of the lower clay beds contain abundant fossils, of which 
we have not, however, any specimens. In one of the limestone 
beds immediately in contact with them, corals of a Jurassic cha- 
racter have been found covering several metres square on the 
rise of the old road between the Esmeralda and San Bartolome 
mines. 

A very shelly limestone crops out from imder the beds just 
described. It is the lowest of the series of limestone rocks on 
the north side of the valley, and is characterised by its firequent 
fissures, the fineness of its grain, and a gray colour, similar to 
that of many lithographic stones ; it contains abundance of fossils, 
especially at the San Bartolome mine (situate in the upper part of 
this bed, although erroneously marked in PI. 13, as occurrmg in 
the upper limestone). A beautiful section of the Nerincea Goodr 
hallii, Sow., has been found here, as well as a species of Grypkceaj 
which has all the characters of the Ghryplicea arcuata of Lamarck. 
The frequent occurrence of this lower lias fossil here is singular. 

The bottom of the valley lies upon beds of red sandstone clay 
and gjrpsum, which form the greater part of the elevated ground 
rising to the west of the valley of Udias, and which, covered with 
forest trees, is known as the Monte Corona. On the north side 
of the valley flows a stream which passes imder the hills closing 
in the eastern side, and which, apparently following the strike of 
some principal fault or joint, as mdicated in Plate 13, comes out 
again m the valley of Novales before falling into the sea. That 
a fault exists near the bed of the stream is evident from the 
relative positions of the rocks on the north and south sides of 
the valley : the limestone which immediately underUes the dolo- 
mite on the north side cropping out far above the level of the 
stream, while on the south side it is found on a, level with it, 
forming indeed its bank. There is here, however, an appa- 
rent mingling of the dolomite with the limestone, whether 
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it be merely superficial and to be accounted for by chemical 
metamorphosis or other local action, or peculiar to this part of 
the formation, there is no evidence to determine. In the lower 
part of this rock, although about 25"* to 30"* above the level of 
the stream, beds of the dull blackish limestone, noticed already 
as belonging to the northern side, and as furnishing a highly 
hydraulic cement, may be recognized. The rock here contains 
hydrocarbonate of zinc, and in it have been found the cave and 
fossil bones, of which a fuller description will be given when 
describing the Dolores mine. 

The stratification is here nearly horizontal, while on the 
northern side, where the stratigraphical succession is most 
marked, the inclination of the beds increases proportionately to 
their elevation, as is shown by section a, PL 13. 

The dolomite is here highly fissured, and contains several ex- 
tensive mines of red calamine, blende, and galena, the principal 
one being that known as the Angel de Toporias, the works of 
which pass under the overl3dng limestone, thus connecting the 
^eat mineral deposit found in the dolomite which crops out in 
the valley of Toporias, with that found in the south side of the 
valley of Udias. In the hill which bounds this side several 
faults occur, running generally east and west, and throwing up 
successively the beds which crop out to the south, over those 
marked red sandstone and schiste, and which form the north side 
of the valley of Cabazon de la Sal, while the lower beds of the 
latter series seem to form the level plain which here intervenes 
between the river Saya on the north side and the Dobra chain on 
the south, where the same characteristics present themselves as 
already described in the details of the preceding section. 

Reference has been made at the beginning of the section 
to the rocks in immediate contact with me Venta mine, where 
they present peculiarities requiring special notice. The dolo- 
mite at this point is thrown up nearly vertical, as may be 
seen from the transverse section AB, PL 5. The limestone 
beds on both sides of the valley are also nearly vertical, dip- 
ping south. An attentive exammation of the relative positions 
of those beds at different points between the extreme limits of 
the valley, would lead us to conclude that the bed of dolomite 
was here so contorted that it formed almost a loop, which, after 
the denudation of the top, left the parts of the bed forming the 
anticlinal with apparently the same dip to the south. In PL 7 
will be found a diagram, in which an attempt has been made to 
demonstrate by outfine sections at different points of the valley, 
that the dolomite is really inferior in age to the limestone which 
bounds it to the north and to the soum. The outlines 2 and 3 
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show that this is reallv the case, while, if we judged by the out- 
line shown by No. 1 alone, we should conclude that the dolomite 
is posterior to the limestone on the south, but anterior to that on 
the north, which it seems to overlie conformably. The first two 
sections in PI. 6, the planes of which are supposed to pass at two 
points one quarter of a mile distant from each other, and to the 
west of the village of Comillas, tend also to prove that the dolo- 
mite is anterior. The faults nmning east and west, and quite 
recognizable in the neighbouring cHff, which forms the eastern 
side of Comillas Bay, would have rendered the exact determina* 
tion of the relative positions of the beds somewhat difficult, were 
it not for the evidence presented by the cross sections at different 
other points of the valley. Assummg, then, that the rocks to the 
north really overlie the dolomite, the age of the former may to a 
certain extent be determined by the fossils found abundantly in 
them. Among them may be mentioned Neithea quinquecoetatus^ 
Br., Ostrea carinata. Sow., Exogyra haliotoidea^ Gk)ldf , Caprina 
adversaj d'Orb., Terebratula sella, Sow., T. Menardi, Lam., Tri- 
gonia dcedalia. Parks., and many casts of other species of Ostrea, 
Peeten, Turrillites, etc. 

In order to complete the tabular statement of the succession of 
rocks as in the former section, it is necessary to describe in some 
detail the phenomena which are presented by the harbour of 
Comillas. As has been mentioned above, and as will be seen 
by the plan of the mines of Comillas (PL 5), the valley of 
Comillas, which runs e. and w., is bounded on both sides by 
limestone rocks, while its trough is occupied by dolomite. 
These limestone rocks on the north form, as it were, a great dyke 
which separates it from the sea, and are cut through by the creek 
forming the mouth of a small stream, which here runs into the 
bay after having traversed the narrow valley lying between the 
bridge called Puente Portillo and Pena Castillo, its general 
direction being n. and s. 

The south-west shore of the bay presents the following suc- 
cession of rocks : — 

1. Limestone beds which form a reef of rocks running out towards 
the N.E., almost completely covered at high water, and full of fossils, 
but which are so bomid together by sparry limestone, into which 
many of them are converted, that it would be almost impossible 
to separate them from the corals which are extremely abundant 
in those rocks. 

2. A bed, which is here very thin, though apparently much thicker 
where it crops out on the headland forming the n.w. side of the 
harbour, and composed of dark gray nodules mixed up with, or 
bound together by, an earthy paste of the same colour, apparently 
very marly. 
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3. Beds of gFeenish sandstone somewhat loose in its structure, but 

presenting no traces of fossils. 
j4. A bed of marlj clay mixed up with nodular limestone, and 

abounding in fossils, principallj oysters, trigonias, etc. This bed 

comes out also to the south of the Venta mine in the limestone 

immediately overlying the dolomite. 
5. Limestone, to the south of which, and in its immediate contact, 

comes out the dolomite forming the bottom of the valley. 

At the point of the coast where the plane of section is supposed 
to intersect it, the shore would be formed by the limestone No. 
1, and the succession of rocks just given would be found to occur 
between the shore and the point where the dolomite would first 
appear. Accordingljr, the cliffs oXoncr the eastern side of the 
Bay of Comillas, which rise about 35"" to 40°** above the sea, 
present us with a series of contorted beds belonging to the lime- 
stone No. 1, intersected by faults, accompanied by displacements, 
and containing fossils {Neithea quinquecoatatua^ Br., Ostrea cari- 
nata, Sow.), and abundant casts of Pectens, Nerineaa, Ostreas, etc. 

The bed No. 2 is not visible, but the sandstone No. 3 appears 
in the s.e. angle of the bay, so that the eastern side is formed by 
the beds 1 and 3. The latter is, however, but slightly deve- 
loped, comparatively to what it is at Comillas, along the south- 
western shore, and at Tramalon. It is like a wedge between the 
limestones 1 and 5. There is evidently a fault here, accom- 
panied by a downthrow which is undoubtedly the cause of tlie 
disappearance of the beds 2 and 4. 

The shore a little beyond the harbour on the western side 
offers a section of another set of beds, resting directly upon the 
limestone No. 1, which rises here, as we have said when describ- 
ing the rocks of the south shore, from the level of the sea, beneath 
which it dips with a gentle inclination towards the n.k., while on 
the eastern shore the same Crocks are thrown up, as we have 
mentioned, 35"- to 40""* The beds in question are therefore 
posterior to the limestone No. 1, and must have been denuded 
from that rock on the eastern side, and the Bay of Comillas in 
part formed by their erosion. In giving the succession of beds 
along the plane of section, it will be better to begin with those 
beds, and thus render the series more complete, although the 
point at which they occur is situated from li to 2"™' west of the 
plane of section. 

1. Series of beds of soft slightly greenish sandstone, when not 
stained by oxide of iron, about 8"* thick. The lower beds imme- 
diately in contact with No. 2 dip slightly to the n.e., but the upper 
beds are almost horizontal. The plane's of bedding are very close, 
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whilst the planes of jointing are very marked and have principally 
contributed to the destruction of the promontory which existed 
formerly to the n.w. of the harbour, where a small block of this 
rock still exists. No fossils have been found in it. 

2. Black shaly clay 1"'60 thick, highly impregnated with pyrites. 
It is somewhat carbonaceous, like the indurated clay beds which 
accompany beds of coal. By the decomposition of the pyrites, 
efflorescences of alum, sulphate of alumina, etc., are continually 
being formed. The joints which traverse the sandstone No. 1 are 
common to this and the foUomng beds. 

3. Very hard brown or gray limestone, 1"*50 in thickness, inti- 
mately connected with the underlying sandstone, into which it 
seems actually to pass, no apparent plane of bedding e^Listing be- 
tween them. This limestone has the same fissile structure as the 
sandstone, and in certain places has actually become decomposed, 
leaving a brown earthy skeleton which retains the original jointing. 
This is evidently a calcareous sandstone, more or less argillaceous, 
formed by the infiltration of carbonate of lime into one of the upper 
beds of No. 4. 

4. Greenish, and in some points gray sandstone, slightly micaceous, 
somewhat more compact than No. 1, 3°*80 thick. In this bed 
have been found pieces of amber, although small, and also traces of 
fossil plants, apparently marine. The planes of bedding have 
ripple marks. 

5. Beds of shaley, pyritic clays, 2"'0, thick, very similar to No. 2, 
but containing thm sandstone plates bearing the imprints of ripple 
marks. 

6. Hard shelly limestone (the No. 1 limestone described above as 
coming out at the n.w. and n.e. of the Bay of Comillas). 

7. Bed of clay containing dark gray nodules (No. 2 of the series of 
the Bay of Comillas). 

8* Sandstone (No. 3 of the series of the Bay of Comillas). 

9. Thin beds of marly clay containing nodular limestone, and 
abounding in fossils (oysters, trigonias, etc.). 

10. Limestone beds of dark gray colour, the planes of stratification 
being generally marked by thin layers of black marly clay, and 
containing Orhitolina concave^ Lam., RhynchoneUa depressa^ d'O^b., 
and TerebratiUa Menardif Lam. 

11. Hard and brownish -gray crystalline dolomite which comes out 
in the valley of Pelurgo, and is the same as that of Udias, Ruyloba, 
and Novales. 

12. Limestone immediately underlying the dolomite, end in which 
the mines Esmeralda and Magdalena of the Udias district occur. 
Its colour is generally dull gray in the interior, though somewhat 
more white exteriorly ; the texture is not at all crystalline. In 
some points it presents compact beds of large oysters. 

13. Beds of hydraulic cement limestone, forming the base of No. 12 ; 
they are shown in section (a) PL 13. Those beds come out most 
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prominently at Pena Castillo, where they have been worked for 
the cement. In their clefts is deposited the ore of the Magdalena. 
Most of the beds crumble away by exposure to the atmosphere. 
This rock presents also the peculiarity of joints filled up with a 
conglomerate of sparry limestone, coloured with iron, and cement- 
ing nodules of brown haematite in great abundance. One of those 
joints or dykes occurs at the s.w. point of Peoa Castillo. 

14. Beds of slate, clay, and greenish sandstone, often very micaceous. 

Id. Great beds of limestone, in which occur the mines San Bartolome 
and San Roque. It is very much broken by jointing and cavities, 
a remarkable one of which occurs at the foot of the San Bartolome 
mine. The colour is generally light gray, approaching very much 
that of lithographic limestone, the texture of which may be said 
to be almost that of nearly the whole group. Its fracture is 
generally conchoidal, and presents abundant fossils completely 
replaced by calc spar, and belonging apparently to Chyphaa 
arcwxta^ Lam. 

16. Red marly clays and sandstones, which form the hills between 
Toporias and the valley of Cabazon de la Sal. Beds of limestone 
also occur in this valley, but are of inferior importance compared 
to the clays and sandstones. 

In the section HI., PL 2, the rocks 1 to 5 axe not of course 
shown, because, as before observed, they do not occur to the e. of 
Comillas Bay. The section commences therefore at No. 6. At 
the point where the plane of section passes, as is shown in III., 
PL 2, the beds between the valley and the qea dip highly to the 
H. See also the sections of the valley of Comillas, quarter of a 
mile and half a mile E. of the villaffe (PL 6). But on the w. 
shore of the Bay of Comillas itself me limestone overlying the 
dolomite, the latter rock, and the underlying limestone, appear 
all three to dip to the south, by which uie relative positions of 
the beds are reversed, as is shown in section A, PL 5, and by 
the diagram PL 7. Those changes of dips have an interesting re- 
lation to the mineral deposits of the Venta mine. It was probably 
produced by an upheaval to the s.e. in the mountains, accom- 
panied by a subsidence to the n.e. along the sea, resulting in 
a series of s.E. and N.w. faults, converging towards Comillas. 
As the maximum of elevation and of depression would form 
the base of a triangle, the minimum of both would be at the 
apex. K the two forces were not equal, a fold or sharp anti- 
clinical would be formed, which towards the apex would reverse 
the dips in the space of a few hundred metres. The dolomite 
must have had a &sure produced along the strike of its anticlinal, 
and such we find to have been the case along the Valley of 
Comillas, which joint became afterwards mineralized, as we shall 
see in the sections of the mines of Comillas. 
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Between the valley of Coniillas and that of Pelurgo the beds 
still dip to the N., but at a moderate angle. Such is ajbo the case 
in the mountain which separates the valley of Pelurgo from 
that of Udias.. In the axis of the latter valley a fault occurs, 
such as should result from the action of an elevating force to the 
s., as above described. This fault was accompanied by an up- 
throw on the south side of the valley, as is indicated on the sec- 
tion we are describincr in the plan of the valley of Udias, PL 11, 
in the view of the two sides of the valley in PL 12, and in section 
a, PL 13. This upthrow is of considerable importance in con- 
nection with the succession of beds which the section we shall 
next describe presents. In describing the mines of the valley 
of Udias we shall have much more to say upon this fault. Not 
only does the position of the beds at opposite sides of the valley 
prove the existence of the fault, but we nave evidence of the ex- 
istence of several other dislocations, notably in the case of the 
stream which flows through the valley of Udias, and which dis- 
appears in a great joint of the limestone, wide enough to be fol- 
lowed for several yards, and reappears a^ain in the valley of 
Novales, at a distance of about S*™- from ike point of its disap- 
pearance. This fault would be vertical, or at least at a high 
angle, to the plane of the one which produced the upthrow of 
the southern beds. 

The same fault of the valley of Udias is interesting in con- 
nection with the question of the formation of river valleys in this 
and the neighbouring province of the Asturias. The origin of 
river valleys may be attributed to the action of two distinct 
classes of causes: 1. The upheaval or sinking of a part of a dis- 
trict, by which faults and dislocations would be produced, or a 
series o£ oontoitions giving rise to synclinal troughs. 2. Ero- 
sionv or the gradual wearing away of the surface of the land by 
tidal currents, the drainage of a district of country by rivers, and 
in general the wearing action of air and water. Before attention 
was fully directed to the magnitude of the effects which the con- 
tinuous though slow action of water as a dynamic agent is capa- 
ble of producing, all great river valleys were beUeved to be wie 
result of the first class of causes, the second being considered to 
be capable of producing at most the small valleys of mountain 
streams. Now, however, there is a reaction ; and the direct agency 
of upheaval, sinking, faulting, and contortions is to a great ex- 
tent discarded, and the whole formation of river valleys is by 
some assigned to erosion, or, more strictly, unequal denudation 
of the surface by the sea, on the one hand, and the flow of rivers 
on the other. While fully admitting the adequacy of erosion 
to produce the greatest river valleys, and the actual production 
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of the majority of them by that agency exclusively, it appears to 
us illogical to reject altogether the direct action of the first 
class of causes. The first direction of a river valley may have 
been given by a line of fault or by the axis of a sjTichnal trough, 
which subsequent erosion widened and deepened. 

It is usually admitted that the chief mass of the Pyrenees was 
elevated during the eocene period, because we find the num- 
muUtic beds on the coast thrown up at a very high angle, and 
that they have been subjected to the same disturbances as the 
cretaceous rocks upon wnich they rest, and which, as is well 
known, have been lifted up to a height of several thousand 
feet. The Cantabrian Pyrenees, including all the smaller sub- 
chains, have a general east and west direction, that is, parallel 
to the sea, while the river valleys in the provinces of Santandcr 
and the Asturias have a general direction of north and south. 
An upheaval on so gigantic a scale could scarcely take plact; 
without a considerable number of fractures and dislocations, and 
especially when this upheaval took place in a comparatively 
short geological period of time. Both provinces afibrd us nimie- 
rous and striking examples of such dislocations. 

We have already described the general physical features of 
the province of Santander, and we shall merely add that tliose of 
the Asturias are still more characteristic and impressive. The 
last retreat of the Celtiberians against the invasion of Roman 
power, the last and sole impenetrable bulwark of their descend- 
ants against the overwhelming power of the invading Moors, 
the province of the Asturias may be termed the Switzerland of 
Spain. The rocks which occupy its nigged surface belong 
chiefly to the Silurian, Devonian, and carboniferous formations ; 
their hardness is generally very great, their dip high, and the river 
courses which traverse them are very highly encased, extremely 
torrential, and in no case really navigable. Abundant evidence 
exists of erosion on a grand scale, such as the "swallow hoW, 
or natural shafla, in which whole rivers are engulphed ; caverns 
of great extent and through some of which rivers flow ; precipices 
of immense height C200"* to SOO"**) ; and, finally, great landsUps 
such as the /a7ia« orfreitas^ which Don G. Schultz describes to 
be " natural and constant landslips which occur in certain locali- 
ties where the rock is so shivered and crumbling as not to be 
able to sustain its own weight on the highly inchned mountain 
sides, and where their loose structure being acted upon by 
infiltrating Waters, peculiar to the surface ground, a portion of 
the mountain side has been brought down. The gap thus 
opened continues to increase little by; Utfele, extending itself from 
the foot of the mountain to the top, its appearance being most 
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imposiiig on account of the wMteness of the sandstone and the 
absence of all earth and vegetation'*.' 

An extraordinary example of this phenomenon occurs on the 
western side of the Sierra del Palo, near the village of Montefu- 
rado, in the conscription of Allande, where it is called La Freita 
de Feitarbon. In other localities such accidents in the quartzite 
mountains receive the general name of Fana^ particularly where 
the landslip is very great, such as in the case of the i^ana de Genes- 
taza, 12^^ south of Tineo. The first slip occurred here at the end 
of the last century, and has been ever since continuously increasing 
during the rainy season, being now the greatest and most im- 
pressive phenomenon of this kind in the Asturias. It must, in 
time, ultimately cut through the lofty Sierra de la Cabra, in 
which it will tnus leave a deep gap. On the western side the 
landslip has already penetrated to the extent of half the breadth 
of the mountain, tmging with its white sands during the rainy 
season the waters of the river Genestaza, which flows at its foot. 
If, for a moment, we anticipate this result, and suppose the gap 
to be opened, may we not infer that the river, which now passes 
at the foot of the mountain, carrying away the detritus produced 
by the jrielding rock, and thus favouring the continuation of the 
destructive agencies, will then flow through the entirely opened 
gap? 

The Fana de Genestaza appears to afford one solution to a very 
difficult problem, namely, why rivers, instead of flowing through 
open plains or valleys, enter narrow and deep valleys, termed 
locally " e8cobio8*\ In some of those which traverse quartzite 
and slate rocks in the Asturias, the escarpments are so great that 
in one case — ^the Ndvia — ^the borders of a portion of the river 
present neither " roads or villages, industry or traffic".' The 
Narcea furnishes another example of the same kind ; whole sec- 
tions of its course being completely incapable of transit by the 
most daring huntsman, and even in a large open valley lying 
between Longrei and Paredes, in which it flows for a certain 
distance, it suddenly turns back towards the s.E., passes through 
a deep and crooked gap in the neighbouring mountain, instead 
of following the apparently more natural bed of the open valley. 
It again turns back towards the s.B. in the open valley of Paredes, 
and penetrating, as it were, into the mountain chain, it traverses 
a wild and highly escarped pass, whose rugged sides consist of 
the very hardest and most resisting rocks, leaving thus between 
Paredes and Briebes, a little to the n.w. of the pomt in question, 

* De8crip9ion Geologica de Asturias, par D. Goillermo Schultz; Madrid» 
1858, p. 14-16. 
> Don G. Schultz, Op, CU,^ p. 21. 
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the fine open valley of Mer^, whose sofl; earthy soil would 
certainly have offered but little resistance to erosive actions. If 
further examples were necessary, we may mention the bend of 
the river Ndvia, called " del Pesebron", and that of the river 
Aranguin, which occurs in an extremely hard quartzite rock 2^^ 
west of Prdvia. 

No more mstructive examples of erosion, in the sense in which 
the word is usually understood as the result of the combined 
action of air and water in disintegrating and wearing down the 
surface of the earth, could perhaps be found than those /mto, 
fanas, and escobios of the Asturias, and we may add of Santander. 
In the latter they are, perhaps, less impressive by their magni- 
tude, but are equally instructive. But although erosion is 
evidently the immediate cause of the river valleys, we have 
direct proof in both provinces of what we have above stated, that 
lines of fault or high folds directed the first erosive action. The 
bed of the Nalon, which Don G. Schultz describes as traversing 
the Devonian rocks along a fault or transversal plane of firacture 
with a distinct downthrow, traceable over the whole carbonife- 
rous formation for a distance of 60'™* , is a very striking example of 
the combination of the two causes of the formation of river valleys. 

It is impossible to properly understand the stratigraphical 
succession of the rocks of the province of Santander without taking 
into acGOimt the dislocations or faults which in many cases are 
perfectly visible, but, as may be expected, are still more frequently 
hidden by the surface vegetation and soil. The valley of the 
river Deva down to the sea, the estuary of Pesues, the valley of 
Potes on the n.w. side, the valley of the Pas, and more particu- 
larly in the neighbourhood of Ramales and La Nestosa, all reveal 
dislocations of very great magnitude, and seem to prove that the 
directions of the valleys were influenced by them. 

§. 4. Description of a section supposed to pass through the country 
between the sea and the Monte Dobra, passing through the 
Monte Vispierisy across the valleys of Reodn and Mercadal. 
Plate 3, Section IV., indicated by the line of section HK on the 
Map. 

On examining the cross section which passes near Santillana 
(Section HK on Map, and IV., Plate 3), it may be observed 
that the rocks composing the Monte Vispieris, situated about 
800"- to lOOO"- to the north of Puente San Miguel, present 
a nearly horizontal stratification. The old road fi'om Santillana 
to the ferry, Barca Bareda, on the river Besaya, passes at its foot 
on the north side, aad has consequently denuded a portion of the 
limestone, leaving a great number of fossils exposed, which are 
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characteristic of the cretaceous formation. SpondyluB M>ino8tiSf 
Defr., is here found forming compact beds of half a foot thick, in- 
termingled with the spines of a Cidaris. The Micraster coran- 
cfuinum, Ag., is nearly equally abundant. In this same bed Tere- 
bratuUe are abundant, whilst in others that under and overlie it, 
numerous specimens of Turrilitea and corals (Parasmilia cen- 
tralis^ Edw., and a species apparently of Litiiaraea) are con- 
tinuously to be met with. 

Following up the succession of underlying beds as indicated 
in the cross section, we next meet with a sandstone, white when 
not coloured with iron, and sufficiently firm to be used as a 
building stone. This forms a range of low hills, overhanging the 
river Saya at Puente San Miguel, as seen in the section. Lime- 
stone crops out in the bed of the Saya &om under this sandstone ; 
the strata are tilted up, dipping north at an angle of about 15®. 
Although these beds are here covered by a deposit of white sand 
mixed with clay and alluvion, highly coloured by iron, they are 
nevertheless in mmiediate connection with the dolomite of Reocin, 
underneath which is foimd a bed of nearly dark gray limestone, 
characterized by the presence of large oysters and species of 
Gryphcea. Tms bed is similar to that which at Udias furnishes 
an excellent cement, and which will be described hereafter. To 
these succeed a series of beds of rocks, chiefly limestone, forming 
a ridge of low hills between Reocin and Mercadal, and some of 
which contain Ammonites, large Pectens, Terebratula hiplicata^ 
Sow., lihynchonella inconstans. Sow., and in another is found 
a thick bed of Orbitolina concava. Lam. The latter fossil is also 
very abundant near Comillas, where, associated with Rhynchonella 
depressa, d'Orb., and Terebratula Menardi, Lam., it is in close 
connection with the dolomite. 

A second bed of dolcwnite crops out in the neighbouring valley 
of Mercadal, and therefore appears to underlie that of Keocin ; 
its development, although reauced, is nevertheless important. 

Beneath the dolomite, which crops out on the north side of 
the valley of Mercadal, lie beds of sandstone and clay, and, 
lastly, a bed of limestone immediately overlying the red 
sandstone, and not separated from the latter on the section, 
which here attains considerable development relatively to the 
whole of the overlaying strata. The limestone of the Dobra 
range closes the whole series, and is represented, with its accom- 
panying red sandstone, in the continuation of section IV., PI. 3. 

The Monte Vispieris, Ijring in the axis of a synclinal valley, 
the beds above described rise up between it and the sea, 
as is shown in the section. Following the line indicated there- 
in, and which passes through Monte vispieris, the limestone of 
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this hill first crops out, then a greed sandstone, next beds of 
limestone corresponding to those of the river Saya, and then the 
beds of dolomite, in wmch are found the mines of the valley of 
Ciguenza (Emilia mine). In the bottom of this valley, and 
covered over by a deposit of highly ochreous earth, is a supposed 
fault, the beds of limestone and the continuation of the dolomite 
on the other, or north side of the valley, presenting an anticUnal 
dip towards the sea at an angle of nearly 45°, so apparently in 
discordance with the dip on the south side as to have justified 
the foregoing hypothesis. Against the dolomite of the Fortuna 
mine lie beds of limestone, then the green sandstone already 
mentioned, and a succession of limestone beds corresponding to 
those of the Monte Vispieris. 

To the north of the valley of Santillana the succession of beds 
observed between Monte Vispieris and Puente San Miguel is 
repeated in an opposite direction : the dolomite also comes up 
in the valley of Ubierca, where traces of calamine and blende 
have been recognized in the joints of the dolomite under con- 
ditions perfectly similar to those presented by the valleys of 
Reocin, Oiguenza, Novales, etc. ; between the dolomite and the 
sea the underljring; limestone also crops out. 

The second bed of dolomite, or that of Mercadal, is to be con- 
sidered as part of the same bed which appears at Reocin. Its 
very limited extent, its peculiarly fractured condition, and the 
rocks associated with it, necessarily lead to this conclusion. 
Moreover, the comparison of the beds of Mercadal with those of 
Udias, where the succession of beds is so well seen, leads to the 
conclusion that the dolomite of Mercadal is identical with that of 
Udias also. Now at the Rasa we have apparently several beds 
of dolomite, but the numerous faults which are distinctly recog- 
nizable in the valley clearly explain this repetition of the same 
bed. If, therefore, it be demonstrated that at Udias the beds of 
dolomite apparently distinct are nevertheless but dislocated por- 
tions of one and the same bed, we may reasonably assume that 
the beds of Reocin and Mercadal are similarly related. The dips 
of the rocks are nearly identical, and no trace of a fold can be 
recognized, so that the position of the beds is to be explained by 
an east and west fault, with an upthrow of the beds to the nortn 
of a line between Reocin and Mercadal. There is even reason 
to believe that this fault is but the continuation of one of those 
which are so well exposed in the valley of Udias and the Rasa 
hills, and of which we liave already spoken. 

We may now give the succession of beds, such as they 
present themselves along a section from the sea by Ubierca, 
Monte Vispieris, Puente San Miguel, valley of Reocin, valley of 
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Mercadal, Monte Dobra or Las Caldas, and ending in the valley 
of Los Corrales. 

1. Thick beds of gray limestone (containing Ammonites^ large 
Fectens^ etc.). 

2. Dark gray marly limestone of the same nature as that which pro- 
duces hycbraulic lime. Thin beds of sandstone and clay. 

3. Dolomite of Ubierca. 

4. Soft argillaceous sandstone* 

5. Very light gray limestone. 

6. Greenish or brownish sofb sandstone with thin intercalated beds 
of clay. 

7. Limestone, rather lighter coloured than No. 9, but sometimes 
tinged brown by peroxide of iron, and containing Ostrea carinata. 

8. Thin beds of marly clay and limestone of a dark blackish colour, 
and of inconsiderable thickness. 

9. Beds of green and somewhat earthy limestone, apparently capped 
by greenish calcareous sandstone, containing Spondylus spinostiSy 
Defr., Diadema granutosum^ Ag., Micraster coranguinum^ Ag., 
TerebratulcBj Turrilites^ etc. This limestone forms the mass of the 
Monte Vispieris, and is the uppermost in the whole section. 

The beds here form a synclinal, and are consequently repeated in 
a reverse order to the south. 

10. Thin beds of marly clay and limestone of a dark blackish colour 
and of inconsiderable thickness (being the continuation of No. 8). 

11. Limestone of rather lighter colour than No. 9, but sometimes 
tinged brown by peroxyde of iron, and containing Ostrea carinata 
(continuation of No 7). 

12. Greenish or brownish soft sandstone with thin intercalated beds 
of clay (continuation of No. 6). 

13. Very light gray limestone, containing ParasmiUa centralis^ Edw., 
and what appeared to be a species of Litharaea (continuation of 
No. 5). 

14. Soft sandstone, in the upper part presenting more the appear- 
ance of an alluvial deposit on account of the abundance of oxides 
of iron and manganese, as also of blue clays and white quartz 
shingle or coarse gravel. This character was observed in the shaft 
opened over the dolomite of Reocin, on the top of the hill which 
divides the two valleys of Reocin and Puente San Miguel. The 
quartz gravel was perfectly white and of various sizes, many 
pebbles being the size of an apple. The clay was in some parts 
quite white (a character which also occurs in the beds of sandstone 
to the south of the dolomite at Comillas), and was found more 
abimdantly in another cutting opened near the foot of the hill on 
the south side of the valley of Puente San Miguel. (This bed is 
the continuation of No. 4.) 

15. Dolomite of Reocin (continuation of that of Ubierca). 

16. Beds of a dark gray marly limestone of the same nature as that 
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whlcli produces the hydraulic lime at Udias. It contaias Osirm 
deltoidea, Sow, (0"^15 long, and 0»-10 wide). 

17. Beds of sandstone and clay, not very thick. (The beds No. 16 
and 17 correspond to No. 2.) 

18. Thick beds of gray limestone, containing Ammonites 0*20 in dia- 
meter, large pectens, or more probably Pholadomya lyrata^ Sow., 
and a bed of the cond CakmophyUia Stokesii, £dw. (?) (corresponds 
to No. 1, which forms the coast at Ubierca). 

Here the fault is supposed to have occurred which was accompa- 
nied by the upthrow of all the preceding beds relatively to those 
which here follow, and of which some are of course repeated 
between this point and the dolomite of Mercadal. 

19. Dark marly clay and limestone. 

20. Thick beds of gray limestone, RhynchmeUa inconstanSy OrbUolina 
concavoj Terdnratula bipUcatOy or more probably T. setloy are found 
in this and the preceding beds. 

21. Dark gray, brown, and red slate clays. The beds 19, 20, and 
21 correspond to the beds 10, 11, 12, 18, and H. 

22. Dolomite of Mercadal. 

23. Beds of hard slaty clay, vrith plates of an ash-brown marly lime- 
stone, corresponding to 16 and 17. 

24. Hard limestone, the upper beds marly and of a dark gray colour 
and very similar in texture to the beds which at Udias and Novales 
underlie the dolomite. In them have been found at Mercadal 
Pecten cingulatuSy Goldf., Cardinea lanceolataj Stutch., Isocardioj 
and what appears to be the Inoceramus Hamiltani of Portlock, etc. 

25. Beds of clay presenting various shades of ochre, red, brown, 
gray, alternating with beds of sandstone, slightly red, near the 
junction with No. 24, but becoming thoroughly red, hard, thick, 
and micaceous in the inferior beds. 

26. Thin beds of dark gray marly limestone, alternating with thin 
beds of very dark gray marly clay, and forming a band between 
the upper and lower sandstone beds, Nos. 25 and 27. 

27. Thick massive beds of red sandstone, hard and micaceous, alter- 
nating with thin beds of clay. 

28. Dobra limestone. 

29. Repetition of bed No. 25. 

§. 5. Description of a section supposed to pass through the Bay 

ofSanlandery the Pma, Cabargay into me Valley of Pehaos. 

Plate 3, section V. ; indicated by the line of section LM, on 

the map. 

The district in the immediate neighbourhood of the town of 
Santander is greatly dij^rbed by faiuts, so that it is very diffi- 
cult to determine the true relations of the different rocks which 
occur in it. In attempting to represent by a section our inter- 
pretation of the phenomena observed there, our object is simply 
to supply a basis for future and more detailed observations, as a 

o 
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simpler explanation tnay, probably, be given than that sug- 
gested by us, when the locality shall be fuither studied. 

To the north of the town of Santander, and between it and 
the lighthouse, the cretaceous rocks developed in the province 
may be well studied. The beds dip regularly to the n., and ap- 
parently without being contorted. The town itself is built upon 
a compact gray limestone, indicated in the section by No. 6, 
which is employed for building stone, and which contains large 
Exogyrasy the species of which cannot be easily determined. 
Immediately to the north of the town are found clay marls, and 
a quartzose grit forming a hillock, and indicated by No. 4. Still 
further to the north come a range of low hills composed of argil- 
laceous limestone. No. 3, containing several species of Orbitolites, 
one of which, five centimetres in diameter, appears to be refer- 
able to the Orbitolites plaruiy d'Arch. Species of Terebratulae^ 
Hemiddaris, and apparently IHscoidea subficultiSy Ag., are also 
found in it. To these succeed the argillaceous marls No. 2, full 
of disseminated green points, and containing Ammonites Man- 
teU% Sow., Semiaater bufo^ Ag., etc. A depression or valley, 
which traverses the promontory from w. to b., occurs here, and 
is occupied by a marsh and some sand dunes, to the north of 
which the ground rises again into a headland with picturesque 
escarpments, at the extremity of which is situated the light- 
house The cape or headland is formed of argillaceous limestone 
and a hard grit, No. 1, the former constituting the precipices just 
mentioned. Tlie limestone is full of sponges, and contains, be- 
sides other species, Aficraster coranguinum. Some beds of un- 
derlying grit are mixed up with clay, and are sometimes almost 
entirely made up of fragments of species of Inoceramm, Pectenj 
and Ostrea. This series of beds has been described by M. de 
Vemeuil ; and in the simamary which M. d*Archiac gives of the 
observations of the latter, he refers them to the chalk marl. 
They appear to us, however, to coincide fidly with the succession 
of beds observed elsewhere above the dolomite. 

The limestone. No. 5, which forms the base of the preceding 
series, borders the Bay of Santander to the north ; the beds are 
almost vertical, but their inclination is to the north. The dolo- 
mite, No. 6, crosses the Bay near Pena Castillo and to the south 
of this rock, and comes out again on the south-eastern shore, its 
dip being still to the north, but now, however, at an angle of 
only about 12^ to 15°. Traces of blende and calamine occur in 
it here, near the level of the sea. In the Bay of Santander, at 
about 800"*' to 1000"- from Peiia Castillo, inmiense deposits 
of gypsum are found in a highly plastic purplish or reddish clay. 
Similar deposits also occur on the soutn side of the bay, near 
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the foot of the Monte Cabai^, where the high road is cut 
through them. It is very difficult to determine to what forma- 
tion this gypsum belongs ; it may belong to the lower part of the 
lias, or may be only a local newer deposit 

To the south of the first of these deposits the peninsula of 
Maliano projects into the bay. We have assumed that this 
promontory forms a synclinal which is boimded by two faults, 
one to the north and the other to the south. The promontory 
itself consists of almost horizontal beds of a light gray limestone, 
No. 8, containing a s|>ecies of Rhynchonella and lar^e Ammonites, 
and having large joints filled with brown hasmatite. Immense 
deposits oisimilar ore are foimd in the bay. We have supposed 
its northern bounding fault to have occurred in the limestone 
underlying the dolomite ; the latter comes out near the eastern 
extremity with a dip of 40*^ to 45® north, and contains traces of 
blende; we have therefore assumed it to exist in the bottom of 
the bay to the south of the peninsula. On the opposite side of 
the JSta, or channel, at Astillero, thin beds of dark gray marly 
limestone crop out, with a high dip to the north, and alternate 
with beds of dark gray marly clays, being apparently a continu- 
ation of the simil^ beds which occur between Gruamizo and 
Boo, where, however, their dip is low, though still to the north. 
Both the limestone and the clay crumble away continuously 
where exposed to the action of the atmosj^here. 

The beds, No. 10, just described, are in contact with a yel- 
lowish sandstone abounding in indications of iron ore, which 
covers the surface of the Monte Cabarga on both sides. To this 
sandstone succeeds the limestone No. 11, which overlies the 
dolomite, and which forms the escarpments of the Monte Ca- 
barga, dipping here at an angle of 45® to 50®. The beds marked 
11 appear to be cretaceous, and consequently we have assumed 
the southern fault to have occurred along the line of junction 
of 10 and 11, at Astillero, near the mgh road which runs 
along the foot of the Monte Cabarga, as indicated upon the 
section. On the south side of the Monte Cabarga the dolo* 
mite, No. 12, crops out, underlying the limestone No. 11, and 
is here perfectly well marked, but no indications of ores have 
as yet been foimd in it. Beneath these crop out the same beds 
of black marly clay, in which have been foxma Ammonites bifrons, 
Brug. The ^ater part of the surface of the northern part 
of the valley Tying between the Monte Cabarga and the village 
of Penaos is thickly covered by granular brown haematite. At 
the village of Penaos itself and to the south of it, beds of 
black marly clays and sandstones, dipping at an angle of 10® 
to 15® to the south, and containing BeUmnites and Rhyncho- 

3 B 
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neUa rimosuj Buch, and in the sandstone thin beds of lignite 
occur. The bottom of the valley presents an apparent anti- 
clinal, but the lithological character of the beds iana the vari&o 
tion of the dips can only be satisfactorily explained by a fault 
with an upthrow to the north, similar to what has occurred at 
Udias and Ciguenza. 

§.6. Concluaiona deducible from the comparison of the foregoing 

Sections, 

Before attempting to summarize the conclusions which we 
think are deducible from the observations contained in the pre^ 
ceding pa^s, a few words upon the origin of the paper itself ai-e 
necessanr m order to show its proper character. In commencing 
it our object was simply to place on record a series of observa- 
tions upon the position, mineralogical character, and chemical 
composition of the zinc ores of the province of Santander, before 
the most typical of them shall have disappeared for ever. In 
doing this, we must of necessity have referred to the geology of 
the district, but it formed no part of our plan to discuss that 
subject at any length. As we proceeded, however, we found, 
step by step, that the different subjects were too intimately rami- 
fied with each other to be dissociated; and, as no satisfactory 
results could be obtained until we had first determined the lead- 
ing features, at least, of the geology of the district, we deter- 
mined to preface our mining and mmeralo^cal notes by a short 
sketch of the geology of those parts of the province in which 
were situated the mines. 

To do this our means were imperfect. In the first place, we 
were very unfavourably situated for obtaining information as to 
what haa been done previously upon the subject, and it was too 
late to attempt to get a long series of Spanish journals, in the 
hope of findmg short papers upon the geology of the north of 
Spain. For, with the exception of the work of Don G. Schulte 
upon the province of the Asturias, we are not aware that any 
Spanish geologist has yet published a detailed memoir upon 
the country north of the Cantabrian chain. Nearly the whole 
paper was written and set up in type, and we had formed our 
opinions upon the formations which we believe to be represented 
by the rocks of the province, before we became aware that M. 
E. de Vemeuil had written upon its geology, and had even 
published a section across Spain, from Santander to Motril, 
which therefore intersects the whole province. This paper we 
have not, unfortimately, seen, for no public library in Dublin 
available to us has a complete set of the Bulletin de la ISocieti 
Gedlogique de France^ in which the memoir was published. 
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What we have said above about the way in which our purely 
mineralogical memoir grew into a geological one, will explain 
why we did not procure M. de Vemeuil's paper directly. We 
are, therefore, only acquainted with that geolo^t's views 
through the abstract given in the fifth and seventh volumes of M. 
A. d'Archiac's admirw)le HUtoire des Progris de la Oeologie^ M. 
Dumont's geological map of Europe, and the very brief notice 
given of his papers in Leonhardfs and Bronn's Jahrbueh, 

Our second difficulty was the want of an extensive collection 
of fosaUs. The notes of Mr. O'Reilly mentioned the occurrence 
of a great many fossils at different points through the province. 
But we thought it better in most cases not to make any use of 
those, or any other notes, except where we had the fossil itself 
before us. Although the number of fossils which we have men- 
tioned in the preceding pa^es, or may mention hereafter, be 
fimall, they are nevertheless diaracteristic. 

Our third difficulty was the want of a good topographical 
map, to serve as a basis of our outline map of the province. We 
had not time to endeavour to procure a Spanish one, and were 
obliged to be contented with an old Prencn one, the orography 
of which was very defective. With this, aided by ihe topogra- 
phical map of the province of the Asturias by Don G. Schultz, 
the outline map accompanying this paper was prepared. For 
our purposes it is accurate enough. 

On the whole, we are not sorry for the accident which pre- 
vented us firom becoming acquainted fullv, or earlier, with m. de 
Vemeuil's views ; as the general concordance of our conclusions, 
especially upon one of the most important points of the geology 
of the country north of the Cantabrian Pyrenees, is the more 
valuable from having been the result of wholly independent 
observations. It is also satisfactory to us to find that those views 
are likewise in accordance with most of those held by M. Louis 
Javot, engineer to the Company of the Mines and Foundriea 
of Santanaer, to whom we are indebted for much valuable in- 
formation, and whose genuine scientific taste is no where better 
shown than in the ready liberality with which he places the 
results of his long experience at the service of his friends. 

In attempting to summarize such details as the foregoing pages 
contain, and to deduce from the comparative study of the sec- 
tions, the stratigraphical succession and relative ages of the 
different rocks founa in the province, the first thing to be done 
is obviously to establish certain defioite horizons. The num- 
mulitic series offers us one, which is not only convenient as being 
the newest, or uppermost, but is also topographically the first, 
the rocks being near the sea shore. The boundary of the num- 
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mulitic rocks may be diawn alonfi^ the n.w. of the province, 
from the confines of Asturias, by Columbres, Pesues, the south 
side of San Vicente, near Roiz, and then towards the n.b., so as 
to cut the coast between the eastern extremity of Cabo Hoyambre 
and the mouth of the Rabia. The whole of the nummulitic beds 
in the proyince lie north of this line ; their dip is variable, but 
generally between 20° and 40° N. At Pesues and at Columbres 
uiese beds are in immediate connection towards the v. with 
elevated sandstone table mountains, the true character of which 
has not yet been determined. According to Don G. Schultz, 
they are carboniferous, as we have coloured them; but on the 
geological map of M. Dumont they are comprised in the num- 
miditic group. 

The nummulitic rocks rest on cretaceous rocks which occupy 
a portion of a narrow band of country near the sea, in the west 
of the province, which becomes largely developed towards the e. 
The rocks which are found on me north side of the bay of 
Santander are cretaceous, and have been studied by M. de Yer- 
neuil, who considered the beds lyin^ between the bay and the 
lighthouse to belong to the upper cnalk marls, and in the der 
sdiption of the sections we have sufficiently established their 
position as respects the nummulitic bed^, as our first horizon. 
Now those beds which form the foundation of the quay of San- 
tander strike off towards the w., and are found to overlie not 
only the dolomite of Pena Castillo, and the immense mass of the 
same rock lying about the s.w. part of the Bay of Santander, 
but may also be traced along the coast at Puente Arce, Torre 
la Vega, Puente San Miguel, Orena, Novales, Comillas, La 
Rabia, San Vicente, and up to San Pedro, on the banks of the 
Deva, and still further inland at Beocin, Mercadal, Udias, 
Cabiedez, and La Florida. At all those points the succession of 
rocks may be considered as identical, and their connection with 
the dolomite the same as at Santander. 

This dolomite, of which we consider there is but one impor- 
tant bed in the whole province, is considerably developed, being 
in some places 120"^ thick ; it is also so lithologically imlike any 
cretaceous rock with which we are acquainted, that, if for no 
other reason, we would have doubted ^at it belonged to the 
cretaceous formation. That it does not, is proved by the fossils 
found in the underljring rocks, such as Calamophyllia Stokesii, 
BhynchoneUa rimoaaj Buch, Oatrea deltoidea^ Sow., Pholadomya 
lyrata^ Sow., Ammonites bifrons^ Brug., Ammjonitee serpentinus, 
^hloih., large Pecten8,'a,na abundant JS^Z^mnito, all of which are 
imdoubtedly Jurassic. The dolomite itself also contains fossils, • 
more or less (fistinct, according to the peculiar local texture of the 
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rock, and in it have been found by M. Lotus Javot, Ammonites of 
a large size, similar to those in the imderlying beds. We may 
therefore look upon this dolomite as the top of the Jurassic for- 
mation, and consequently as our second well defined horizon. 

The cretaceous and Jurassic formations exhibit generally an 
apparent conformability, so striking that there can be no doubt 
that many geologists did not recognize the dolomite on this 
account. M. d'Archiac, in summarizing the results of M. de 
Vemeuil, no where mentions it, at least we did not recognize 
any reference to it. At their junction, the rocks of both forma- 
tions have a comparatively high dip, but to the north it diminishes 
so much, that the cretaceous beds appear to be almost horizontal, 
and to rest in shallow synclinal troughs of the Jurassic rocks. 

The cretaceous rocks appear to underly everywhere the num- 
mulitic formation, and consequently to stretch in a comparatively 
narrow band from Columbres eastward towards the province of 
Biscaya, widening out towards the east beyond Santander, imtil 
it forms a considerable breadth of the northern flank of the main 
chain. A number of n.w. and s.e. faults, with corresponding 
N.JE. and s.w. dislocations, accompanied by upthrows and down- 
throws, subsequent denudation and erosion of river valleys, have 
laid bare at many points along this narrow band of cretaceous 
rocks the underlying Jurassic rocks. Where this occurs, the 
tops of the hills and the higher parts of their declivities are creta- 
ceous, while the troughs of the valleys are in Jurassic rocks. 

The succession of beds for the different sections given in the 
foregoing table could, no doubt, be made more detailed and pre- 
cise in some points, but even as the tables stand, their co5rdma- 
tion enables us, we think, to distinguish three more or less well 
marked horizons The first consisting of white or greenish soft 
sandstone, immediately underlying the nummulitic limestone, and 
which are frequently more like conglomerates than sandstones, 
shaly marly clays, and argillaceous and arenaceous* limestone, 
containing abundance of Micraster corangvinum^ Ag., Spondylus 
smnosvs^ Defr., Eippuritea organisanSf Desm., SphoBrulitea 
Toucasij Bayle, AnanchiUs subglobosus, Lam., I}iadema granu- 
losum^ Ag., Parasmilia centralis , Edw., TerebratuUB^ Turrilites^ 
etc. These beds, which correspond to No. 5 and 6 in the section 
of San Vicente, 1 to 6 of Comillas, and 8, 9, and 10 of the Monte 
Vispieris section, are far more developed than any of the others, 
the whole thickness of which is represented by the height of the 
Monte Vispieris, which is wholly made up of those beds, and 
which may therefore be estimated to have a thickness of about 
•lOO"* We may consider them as the representatives of the chalk 
marl, or Terrain Turonien of M. Alcide d'Orbigny. 



Digitized by VjOOQIC 



40 Geology of the Province of Santander, 

The second cretaceous horizon would consist of thick beds of 
gray limestone, sometimes hard and shelly, thin beds of marly 
clay and ochry sandstone, represented by 7 and 8 in the San 
Vicente section, 6 to 9 in that of Comillas, and 7 to 11 in that of 
the Monte Vispieris, and characterized by the fossils Hemiaster 
bufo^ Des., Spheertditespolyconilites^ Bayle, Ammoniiea ManielU, 
Sow., Oatrea eariruxUiy Lam., Neithea quinqueeostatusy Br., Eao- 
gyra haliotoideay Goldf , Caprina adversa^ d'Orb., 2\irrilite$ cos^ 
tatuBy Lam , and many casts of other species of Ostrea, Pecten, and 
of Nerinea, etc. These fossils belong to the upper green sand, or 
Terrain Cenomanien of M. d*Orbigny, and the rocks containing 
them may perhaps represent that group. 

The third horizon would consist of thick beds of dark or 
light gray limestone, greenish or brownish soft sandstones, some* 
times argillaceous marly clay, and thin beds of limestone, and 
dark slate clays, represented by No. 9 of the San Vicente section, 
No. 10 of the Comillas section, Nos. 4 to 6, 12 to 14, and 19 to 
21 of the Monte Vispieris section, and characterized by the 
fossils TerebrattUa sella^ Sow., Orbitolites concava^ Lam., 71 Me- 
nard% Lam., Rhynehonella depressa, d'Orb., Trigonia cemdata, Ag., 
Trigonia doedalio^ Park., Cyprina anaulata^ Flem. (?), Caprotina 
Ammonia^ d'Orb., another species of Cyprina^ etc., all of which be- 
long to the lower green sand, or upper JVeocomien of M. d'Orbigny. 

This third cretaceous zone is everywhere in contact with the 
dolomite, and completes the proof that the dolomite is Jurassic. 
These three zones are reco^ized by M. d^Archiac in his analjrsis 
of M. de Vemeuirs paper, m the following passage: " One sees 
thus, that on the northern flank of the Cantabrian chain the 
cretaceous formation appears to be composed of three series of 
beds, or itagea^ sufficiently well characterized by their rocks and 
their fossils. The lower comprises a sandstone and a compact 
limestone with Requienia^ large oysters, Orbitolitea conica^ etc. 
The second, marly and argillaceous limestones and difierent 
sandstones, with Urbitolites plana^ Hemiaster hufo^ Oatrea earir 
nata^ Radiolites polyconUites and crcUeriformis, and Ammonites 
Mantelli, Finally, the third, sandstone and argillaceous lime* 
stones, rather thick, with Micraater eoranauinum, or M. brems^ 
and numerous species of InoceramiuT.^ He then goes on to say : 
" The observations of M. de Vemeuil lead us to this first conclu- 
sion, that, as d priori we might have suspected, in consequence 
of their geographical position, the Gautt and the Neocomien 
group is wanting on tne northern flanks of the Pyrenees, ex- 
actly as we have seen more to the east in the Basses Pyrenees 

^ Histoire des Proves de la Geologie, de 1834 a 1852, par A. d'Aichiac, t. v. 
p. 46. 
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aad ike Landes, to the ir.E. on the opposite shore of the cretaceous 
sea in P^rigord, Angouleme, and Saintonge, and finally in the 
badn of the Loire**. It is clear enough j&om the foregoing pas- 
sage, that M. d'Archiac, and, as we may infer, M. de Vemeuil, 
do not recognize the existence of the lower green sand in the 
province of Santander, and accordingly the former has been 
endeavouring to coordinate the rocks of that province with the 
cretaceous band of the south-west and of the central plateau of 
France, which he has himself so well studied. Although several 
of the fossils which characterise our third horizon are found in the 
typical Cenomanian beds of Mans itself, we think it probable that 
our lowest beds represent the lower green sand or upper Neo- 
comien. This view is supported by the occurrence in the corres- 
ponding beds of the Astunas of Toaaster complanatus^ Ag., Eao- 
fftfra Botisingaultij d'Orb., Ostrea macr<^teraj Sow , etc. The 
coordination of the beds of different areas, and the determination 
of their relative ages, are, however, questions which can only be 
determined by a thorough investigation of a large series of fossils.* 

A glance at the table of the succession of rocks shown by the 
section £tom Ubierca to Los Corrales, will show that, with the 
exception of a narrow strip of the lower green sand, preserved 
as it were by the upthrow of the beds north of a line between 
the valleys of Reocm and Mercadal, a considerable belt of land 
is occupied by beds, some of which are undoubtedly Jurassic, and 
the top of which is formed by the dolomite About the upper 
boimdary, therefore, no difficmty exists, but it is otherwise with 
the lower limits. Beneath the dolomite we find a series of beds 
of hard shelly argillaceous limestone, with thin slaty clay and 
marly limestone beds, variegated clajr beds passing into reddish- 
gray sandstone in their lower part, thin beds of dark gray marly 
limestone alternating with thin beds of very dark gray marly 
clay, beneath which are found thick beds of red micaceous 
sandstone, with thin partings of clay. We next come to great 
beds of a compact blue, and often almost black limestone, very 
much jointed, and containing metalliferous deposits, and forming 
the axis of the east and west chain called the Dobra. Beyond 
the Monte Dobra, in the valley of Los Corrales, we have a repe- 
tition of the thick beds of red sandstone found on the north side 
of the range. 

In the upper members of this series, many Jurassic fossils l}ave 
been found, but in the great beds of red sandstone, no fossils have 
to our knowledge been met with. Hence, the question arises, are 
all these beds Jurassic, or does the red sandstone represent an 

* We take this opportimity of thanking Mr. W. H. Bailey, FalaBontologist to 
the GeoL Surrey of Ireland, for much kind assistance in determining fossils. 
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island of the trias ? It is very difficult to admit the latter hypo- 
thesis. In. the first place, the character of the dips would only 
admit of the existence of such an island, by supposing a fault 
with an upthrow to the K., similar to that we have assumed 
between Keocin and Mercadal. This upthrow should be consi- 
derable, and should occur about No. 26 of the beds of the section 
0x)m Ubierca to Los Corrales. But this would create a still 
greater difficulty, for there is no rock corresponding to the Dobra 
umestone to the north of that chain. 

There are, in fact, but two hypotheses which are sufficient to 
meet the physical conditions of the problem. We shall leave fi)r 
the moment the palaeontological part of the question aside. The 
first is, to assume that the rocks between the dolomite and the 
Dobra limestone include both Jurassic and triassic rocks, and that 
the Dobra limestone itself is carboniferous. The second would 
be, to assume that all the rocks between the dolomite and the 
Dobra are Jurassic, including the Dobra limestone itself. 

The former hypothesis appears at first sight the simplest, and 
was the one origmally adopted by M. de Vemeuil. M . a Archiae 
tells us,® " at the village of Puente Viesgo, the new red sandstone 
is found with saline springs ; it is the prolongation of that of 
Llerganes, near the Cabada, contains gypsum, sulphureous waters, 
and presents all the characters of the trias. Slightly developed 
in this place, it is soon replaced by very thick metalliferous 
limestone, greatly dislocated, which M. de Vemeuil considers as 
forming a continuation of the carboniferous limestone of the 
mountains of Cavadonga, of Puerto Sueve, and which advances 
as far as the shore of Riva de Sella*'. The liihological character of 
the Dobra limestone is, however, very unlike that of the usual 
carboniferous limestone ; it is blackish and streaked. The beds 
appear to be perfectly conformable with the overlying sandstone. 
This conformability is well seen inmiediately to the south of 
Udias, beyond the plain of Cabazon de la Sal; the Dobra chain 
is here cut by a transverse pass or valley, in which flows a stream. 
The erosive action of the water has uncovered a portion of the 
underlying blackish limestone which is perfectly concordant with 
the overlying sandstone. Another strikmg example of this con- 
cordance is to be seen on the east side of the valley of the Deva, 
about 3,000"'' to the south of the hot springs of the Hermida, not 
far &om the mines of Linares. 

The difference in lithological character, and the conformability 
with the red sandstone, but, above all, the necessity, as appeared 
to us, which would arise of assuming the existence of a very 

• Op. cit, p. 46. 
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complicated system of faults accompanied by enormous disloca- 
tions, not in harmony with the orographical features of the coun- 
try, to account for the relative positions of the carboniferous 
rocks in this and the neighbouring province, led us to suspect 
that the second hypothesis was tae correct one, and that the 
Dobra limestone was Jurassic. This appears to be now the 
opinion of M. de Vemeuil also, as the following observationfl of 
M. d'Archiac shows: *^ In a section directed v. and s. &om San- 
tander to the Cantabrian chain, M. E. de Vemeuil, after a first 
voyage, made in the spring of 1849, showed that &om beneath 
the cretaceous beds dipping to the k., sandstoned, conglomerates, 
and blue argillaceous limestones, belonging to the Uas, succes- 
fflvely elevate themselves, and having the same dip. These 
limestones, characterized hjBelemnites and Ammonitea Conybeari^ 
repose on the trias, represented by red sandstone with salt and 
gypsum. This system appeared at the time to unconformably 
recline against vertical beds, contorted and dislocated, more an* 
cient, and belonging to the carboniferous limestone ; but later 
observations enabled him to recognize that the whole was con- 
nected with a Jurassic band, running from e. to w., from La 
Cabada to Fuente de Nansa, having a len^ of twelve leagues, 
and a breadth of three, under the meridian of Santander. It 
surrounds to the south of Vargas an island of trias in the form of 
a crescent, and is circumscribed by cretaceous beds. To the 
west it rests against the trias &om Fuente Nansa to Reynosa, and 
beyond it. At Rosas, M. Ezquerra del Bayo mentions Pecten 
cequivalms and Melania Heddingtonensia^? 

It would appear from the passage just quoted, that this Jurassic 
band ended in the valley of the Nansa, where it rests against the 
triassic rocks. We aie to suppose that this in turn rests towards 
the west upon the carboniferous formation. According to the 
map of Don G. Schultz, the valley of the Deva is chiefly occu- 
pied by carboniferous rocks, with the exception of the patch of 
cretaceous rocks capped by the nummulitic beds of Coiumbres, 
and another south of Alevia, mentioned at page 14. In the map 
of M. Dumont abo, the nummulitic beds of San Vicente, and the 
underlying cretaceous rocks, are made to extend to Coiumbres, 
and to form the sea coast. At the former place the cretaceous 
rocks rest on Jurassic ones, while at Coiumbres, according to 
Don 6. Schultz's map, the same rocks rest on carboniferous beds. 
The same phenomenon appears to occur in the province of 
Palencia, to the south of the main chain, where, according to Don 
Casiano de Prado,^ the cretaceous beds rest indifferently upon 

' Op. dt, t. vii p. 172. « Op. cit, t viii p. 172. 
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jxirassic, txiassic, carboniferous, and even Devonian rocks in the 
province of Leon. This circumstance would not consequently 
afford a ground for not believing that the Jurassic rocks end in the 
valley of the Nansa. But now that we mid Jurassic rocks &rther 
north than Puente de Nansa, that the sandstones which appear 
to bound the Jurassic rocks to the west, overlying the Dobra 
limestones, as is plainly seen near Linares, almost in the valley 
of the Deva itself, and, lastly, that dolomite occurs at San Pedro, 
between the Nansa and the Deva, we are obliged to admit that 
the Jurassic band extends to the Deva. 

But as all the rocks in the valley of the Deva, from Alevia tQ 
Potes, appear to belong to the same formation, and as the prin- 
cipal limestone is lithologically the same as that of the Dobra 
chain, we are compelled to make the whole of the rocks, from 
the chalk and nummulitic beds of Columbres to Potes, Jurassic. 
So that, in this case, the mountain to the north of Alevia, form- 
ing the western end of the Sierra de Cuera, should be placed in 
the Jurassic formation. But this is not all : if the Dobra lime- 
stone be Jurassic, the eastern part, if not the whole of the Picos 
de Europa, the highest peaks in the whole Cantabrian chain, 
which reach 2600 *, are hkewise Jurassic. 

Don G. Schultz makes the Picos de Europa, and the whole 
district to Alevia, carboniferous; the hypothesis just stated is 
consequently in direct variance with the conclusions of that 
geologist. But if M. de Vemeuil's opinion with regard to the 
umestone of the Dobra at Puente Viesgo be correct, and witli 
that opinion we agree, having, as we have before stated, come 
independently to the result that it must be Jurassic, then the 
conclusion appears to us to be inevitable, that the Jurassic forma- 
tion extends into the province of the Asturias, and that the whole 
of the geology of the eastern part of the province just named 
requires rectification. 

Two important circumstances appear to support the Jurassic 
character of the whole of the limestone of the Deva, namely, 
first, the similarity of lithological character between the lime* 
stone of Merodio and that of Tresviso, and higher up in the 
chain, a character which is quite Jurassic ; secondly, the uncon- 
formability between this limestone and the slate clays, ^uartzose 
sandstone, and quartz conglomerate, which underly it in the 
valley of Potes, and which, in their continuation to the west, 
are looked upon as triassic. This unconformability is well seen 
in the section along the valley of the Deva, and is rendered 
more evident by the occurrence of a grit at the base of the 
limestone in tlie valley of the Deva. Li the section througli 
the valley of Potes, it will be seen that the slate clay rests upon 
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d quartzosc sandstone, and towards the west, thick beds of quartz 
conglomerate are associated with the latter (see description of 
the mine of Pico Jano, page 81). 

The supposed triassic beds of Potes form to the b. and b.b. 
some mountains of considerable altitude, to the south of which 
a limestone, similar in character to that of the Dobra, rests 
upon them. The relationship of the two will be found indicated 
in the description of the mine " del Soto", page 80. These 
Jurassic rocks appear to run westward along the southern flanks 
of the main cham, whence the Ebro derives its waters, and on 
towards the province of Leon ; so that we may expect to find 
Jurassic limestone resting upon quartzose sandstone, to the south 
of Pico Jano, exactly as at " El Soto". To the N. and n.b. of 
Reynosa, in the Sierra de Sejos, the same rocks as are found in 
the valley of Potes appear to occur, and to the south of them, 
as at the Porto Escudo, Jurassic limestone. It would thus ^pear 
that a band of rocks, believed to be triassic, composed ot slate 
clays, quartzose sandstone, and quartz conglomerates, and in 
places gypsum and salt, and underlying the limestone of the 
great Picos de Europa, runs from the valley of the upper Deva, 
eastward to the Sierra de Sejos, forming the ranges oi the main 
chain south of the Picos de Europa, which are probably due, 
at least in part, to an independent series of upheavals. 

The geological map of France of MM. E. de Beaumont and 
Dufrenoy includes the part of Spain immediately lying on the 
flanks ot the Pyrenees : the chief geological features of the pro- 
vince of Biscaya, which bounds that of Santander on the west, 
are therefore to be found upon it. According to it, a patch of 
Jurassic rocks occurs in the former province, and another patch 
is shown upon the map of the Asturias of Don G. Scnultz, 
between Villa Viciosa and Colunga on the sea coast. It would 
thus appear that a great band of Jurassic rocks extended from 
8.E. to N.w. along the northern flank of the Cantabrian chain. 
According to the map of the Asturias, the Colunga rocks are 
not connected now with those of the province of Santander, a 
large area of carboniferous rocks intervening. The Biscayan 
rocks are likewise represented on the French map as an island 
surrounded by cretaceous rocks. It is probable tnat the creta- 
ceous rocks are thicker and less denuded to the eastward, and 
that perhaps in some places the Jurassic rocks are wholly con- 
cealed by the cretaceous ones. We have reason to believe, 
however, that the dolomite of Santander is continuous into 
western Biscaya, and that perhaps all the ores of that province, 
especially its celebrated carbonate of iron, like the ores of San- 
tander, are connected with that rock. If, however, we conclude 
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that the juraasic formatLpn extends to the Deva and beyond it, 
and that consequiently a part of Don 6. Schultz's carboniferooa 
rocks are in reality Jurassic, the Colunga rocks may be con* 
tinuous with those of the province of Santander. 

At San Vicente de la Barquera the cretaceous rocks rest 
upon Jurassic ones, and upon the former rest tertiary rock? 
represented by the nummulitic beds. At Columbres the num- 
mulitic rocks rest upon cretaceous beds to the south, while to the 
K., or rather k.w., it thus seems to be in direct contact with the 
quartzite of Tina Mayor. This quartzite appears to be in con- 
tact widi the northern boundary of the nummulitic &om near 
Pesues, where the nummulitic enters the sea, westward to 
Columbres; it alternates with a hard gray limestone along 
the coast by San Antolin to Riva de Sella, and both are 
lithologically unlike any rocks in the province of Santander, and 
appear to be true members of the carboniferous formation, in 
which they have been placed by Don G. Schultz. These rocks 
dip N.w. at a high angle, being in some places almost vertical, 
so that the beds come out obliquely on the sea coast, where they 
present a very singular phenomenon. At the distance of about 
two kilometres &om the coast these rocks near Riva de Sella 
form lofty and wild mountains, while along the coast they form 
a series of narrow and almost perfectly level platforms, elevated 
from forty to one hundred metres above the sea. In Plate 3 
will be found a map of the coast between Riva de Sella and Tina 
Menor, and also a section, FS, taken between San Antolin and 
Riva de Sella, which show the relation of these remarkable plat* 
forms to the moimtains to the south. It will be seen that the highly 
inclined strata have been cut, just as would happen on a small scale 
in the making of a road along a precipitous or escarped coast. 
Obviously this was done by the action of water, which succes- 
sively undercut the inclined beds when these plains were under 
the sea, the shore of which was then at the base of the mountains 
on the southern margin of the plain. The rocks were then 
upheaved into their present position. The platforms formed by the 
quartzite and sandstone beds are always much higher than those 
formed by the limestone. The plains commence east of Colimga, 
where, according to Don G. Scnultz, the Jurassic rocks form the 
coast. The first limestone platform extends from Riva de Sella 
to San Antolin ; to this succeeds the extraordinary level platform 
of sandstone, 4»00(r- in length, 2,000"- in width, and about 100"*- 
above the level of the sea, which is called the Rasa de Nueva. 
It is formed by the sandstone beds which cross the river Sella 
between MargoUes and Santianes, where they form lofty and 
very wild mountains. 
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Beyond the Rasa de Nueva the second limestone platfonn 
commences, and extends itself from the foot of the mountain of 
Llabres along the borders of Posada, Baaro, Celorio, Porrua, 
Panes, Po, and Llanes. Like that of Biva de Sella, it is imeven 
and escarped. Towards the e. and s.s. of Llanes another bed of 
sandstone crosses as before the coast belt, but it does not assume 
the importance of the Rasa de Nueva; it is also of variable alti- 
tude. Then commences the third limestone platform, to the 
south of which another bed of sandstone forms the platform of 
Puron. The river of that name cuts through it, and its continu- 
ation towards the east is called the Sierra de la BorboUa. When 
it reaches the coast beyond Santuiste, where the third limestone 
platform ends, it forms the Sierra de Pimiango, a platform which 
extends along the coast to the w. of La Franca and Columbres, 
and an extension of which eastward crosses the Deva and forms 
the sandstone platform in contact with the nummulitic beds to 
the north from Columbres, by Unquiera to Pesues. As Don G. 
Schultz states, this term sierra is applied simply to express the 
sterile or uncultivated nature of the ground, since the real height 
of the platform does not exceed lOO""', whilst its surface is 
absolutely level over a length of 12**- from the s. of Acebal up 
to the river of Tina Mayor, although cut through by the rivers 
Puron and Santuiste. 

Here we have clear evidence of an upheaval of the coast line 
from a point east of Coluns^a to near San Vicente, attaining a 
maximum to the north of Columbres in the Sierra de Pimiango, 
to the south of which lie the Picos de Europa. The upheaval 
of this part of the countiy was accompanied, as the coast line 
shows, by a series of b. and w. or of n.b. and s.w. faults, the one 
forming the coast line of the last of the sandstone platforms 
being distinctly visible along the axis of the valley of Comillas, 
although in the province of Santander the last upheaval was but 
very sU^ht Perhaps the plane of this dislocation extended 
eastward to Santander, and may explain the cropping out of the 
lower beds of the Jurassic formation in the bay. 

The position of these carboniferous rocks, relatively to the 
nummuutic ones near the Deva, shows that the contact of the 
two locks is due to an upheaval of a narrow band of carbonife- 
rous rocks along that part of the coast. Otherwise we could not 
account for the sudden disappearance of the whole cretaceous, 
Jurassic, and perhaps of triassic rocks. In the rise of the whole 
district between the Deva and the Sella in the Asturias, this 
band formed the coast and was denuded as it rose. In our sec- 
tion of the Deva we have indicated this by a line of fault north 
of Columbres. It is probable that another line of fault exists to 
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the south of Columbies, produced by the upheaval of the whole 
country to the Hcoe de Euiop«u This would account for the 
occurrence of a limestone similar in character to that of the 
Dobra chain in contact with the <3etaoeou8 rocks between 
Golumbres and Alevia, while at the opposite side of the Deva to 
the eastward, the cretaceous rocks are separated fiom the Dobra 
limestone by a conaderable thickness of beds. The Golumbres 
beds may perhaps be exphiinedby sumx)sing them to be a mere 
projecting wedge of the cretaceous ana tertiary rocks unaffected 
by the last upheaval of the coast. 

If our view of the rektions of the rocks in this district be cor- 
rect, the Sierra de Cuera, of which the mountain of Alevia forms 
the eastern part, may be looked upon as the western prolongation 
of the Dobra range, and must in part be Jurassic. The lime- 
stone of that range ought to overlie to the westward the rocks 
forming the coast platrorm, and ought to underlie the sandstones, 
clays, co^lomerates, limestones, etc., which form the jurasrac 
rocks of Vula Yiciosa and Golunga, which is just what is found 
to be the case. This view also seems to us to simply explain the 
whole phenomena of the Jurassic formation in the two provinces. 
If we suppose a continuous band of rocks of the formation in 
question to extend firom La Cabada to Villa Yiciosa and Golunga, 
and then the whole country to be upheaved successively but un- 
equally, the country between the Sella and the Deva bein^ up- 
heaved most, and the maximum taking place in this district 
towards the Deva; further, if we suppose me whole area to be 
then subjected to denudation, it is qmte clear that the portions 
most upheaved would suffer most denudation. Hence, while at 
Villa Yiciosa and Golunga only the upper jura would be re- 
moved, the whole of the rocks down to the Dobra Umestone 
would be removed, and the latter exposed, near the Deva, as in 
the Sierra de Guera, while further to the eastward, in the pro- 
vince of Santander, where the upheaval was still less than even 
at Golunga, the overlying cretaceous and tertiary formation may 
be denu&d only in parts. It is probable that the valley of the 
Sella was first formed along the meridianal fiiult bounding the 
upheaval of the Picos de £uropa to the westward, and th^ the 
true boundary of the carboniferous rocks is to be sought for along 
that line. 

The curious platforms, which form so characteiistic a feature 
of the coast fix>m Siva de Sella almost to San Vicente de la 
Barquera, are also found west of Gigon among the pabeozoic 
rocl^. So that the Jurassic area of Golunga and Villa Yiciosa 
occupies a sort of synclinal between the two Unes of platforms, 
and further confirms the observations just made. The period of 
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upheaval of those platforms must be comparatively modem, be- 
cause we find not only that the carboniferous rocks were thrown 
up almost vertically before the platforms were cut out by the action 
of the waves, but that the nummulitic rocks also were more or less 
affected by the last upheaval. It would appear that the Cantabrian 
chain is the result of successive upheavals of the same character, 
separated by intervals of repose. The last of these produced, as 
we have seen, the Sierra de Pimiango and other platforms, reach- 
ing lOO"** in height, previous ones produced the Sierra de Cuera 
and the Monte Dobra range, the latter being now about 350 to 
400"°' ; and so on backwards to the main chain, each upheaval 
adding, of course, to the height of the previously lifted sierras. 
During the last upheaval, we may suppose a fracture to have oc- 
curred along the Asturian coast, by which blocks, as it were, of 
the coast gave way, and were tnrust up beyond the general 
horizon of the upheaval. Such an accident would, of course, 
be attended by smkings or downthrows along the plane of frac- 
ture in the immediate neighbourhood of those upthrows, such 
as the faults of Comillas Bay and Santander Bay. 

We do not propose to discuss what recognized divisions of the 
Jurassic formation are represented by the rocks of Santander, and 
still less to coordinate them with the series of other areas. To do 
this would require much further investigation, and the settlement 
of all the important questions raised in the preceding pages. We 
may, however, venture to guess the great divisions which a 
thorough palaeontological investigation of the rocks of Santander 
and of the Asturias may perhaps establish, by a comparison of 
the fossils which have been already found 

In the rocks immediately imderlying the dolomite at Comillas, 
Udias, etc., the following fossils have been found : — Calamophyllia 
Stokesiif Edw., Diadema subangulare, Goldf , Terebratula bipli- 
cata, Sow., Rhynchonella inconstans, Sow., R. concinna, Sow., 
Ostrea gregaria^ Sow., 0. deUoidea, Sow., Pecten demissus, Goldf., 
P. cingulatuSj Goldf, Plagiostoma duplicatum, Sow. ?), Plwla- 
domya lyrata, Morr., Pholadomyay sp. undetermined, Nerinma 
GoodfiaUii, Sow., Melania HeddingUmensis^ Sow, Ammonites 
Humphresianus^ Sow., A, Parkinsoni, Sow., and in some of the 
lower beds Gryphcea cymbium, Lam., Gryphcea arcuata^ Lam.. 
Rhynchonella rimosaj Buch, Pecten cequivcUvis^ Sow., Modiola 
secdprum^ Sow., Ammonites bifrons, Bnig., A, serpentinus, 
Schloth., and many Belemnites. M. d'Archiac gives the following 
fossils as occurring in the Jurassic rocks of Santander, on the au- 
thority of Don C. de Prado:® — Ammo}iites spinatus, Brug., A 
radians^ Schloth., A Bechei, Sow. (at Fombellida), Ter^ratula 

» Op. cit, t. vii, p. 172. 
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variabilis, Schloth. (at Tras la Peiia). These fossils appear to in- 
dicate the upper lias, and the lower, middle, and upper jura. 

The fossils found by Don C. de Prado on the southern side of 
the chain in the province of Palencia, fully confirm the existence 
of the lias and inferior and middle jura ; the upper jura is, perhaps, 
covered up by cretaceous rocks, or may be wholly wanting. The 
following list is given by M. d'Archiac**^ from Becerril del Carpio, 
Aguilar del Campo, Pozazal, and Bustillo de Santullan: — Am- 
monitea margaritatus, Montf., A. spinatua, Brug., A. planicoBta^ 
Sow., A . bifrons^ Brug., A, serpentimtSj Schloth., A . complanatus, 
Brug., A. insignisy Schiibl., A, Levesqueij d'Orb., A. JRaquini' 
anus, d'Orb., A. Humphriesianus, Sow., A. subraditus^ id., A. 
niortensis, d'Orb., A, Parkinsoni, Sow., A, Blagdeni^ id.. A, 
Gervillei, id., A. Martinsi, d'Orb.; Belemnites irregularis, 
Schloth., B, canaliculatus, id.; Lima gigantea, Desh., L. in- 
cequistriata ( ?), Miinst. ; Pecten CBquivalvis, Sow., P. desaformis, 
Schubl.; Plioladomya eaaltata (?), Ag.; Gryphoea eymbium, 
Lam.; Terebratula perovalis, Sow., T. Garantianaj d'Orb., T, 
numismalis. Lam., T. Phillipsii (?), Morris, T, obovata, Sow., 
T, lagenalis, Schloth., T. obsoleta, Sow., T. plicatella, id., T, 
tetracedra, id., T, rimosa, v. Buch, T. inconstans, Sow., T. 
variabilis, Schloth.; spirifer rostratus, Schloth. 

No fossils having, so far as we know, been found in the rocks 
which we have coloured trias on our map, and called so through- 
out the foregoing pages, the term must be looked upon as 
provisional. Other geologists have assumed the existence of 
the trias in the province, and in M. Dumont's map these rocks 
are brought down low into the Deva. But, except the sandstone 
near Linares, no such rocks are found upon its course from 
its mouth to Potes. But we have shown that the sandstone near 
Linares bears the same relation to the underlying limestone that 
it does in the Dobra chain to the eastward. Again, Potes would 
apparently come in upon the trias in the same map ; but whether 
it does or not, the Potes rocks appear, as we have already shown, 
at El Soto, and at points to the E. and s.e., and must be triassic 
there in the sense of underlying the Jurassic formation. Further 
investigation may show that the Potes, El Soto, and Pico Jano 
rocks are older than we have just assumed, and that the trias 
formation is not at all represented in this region. 

In proposing so bold a nyp>othesis as that of making the highest 
peaks of the Cantabrian chain, the Picos de Europa, Jurassic, we 
are fully sensible of the very imperfect data, both geognostical 
and palaeontological, upon which it is founded. It is right to 
point this out specially, because we differ materially about the 

^» Op. cit., t. vii. p. 174. 
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geology of the district of the Deva with a geologist who has 
devoted so much time and labour in endeavouring to unravel 
the complicated geological phenomena of one of the countries in 
Europe the most difficult to investigate. We would rather have 
foimd ourselves in accordance with our predecessors in the same 
field than otherwise, but as, on coordinating all our observations 
with those of MM. de Vemeuil and de Jrrado, so far as we 
were acquainted with them through the work of M. d'Archiac, 
we found them incompatible with some of those of Don G. 
Schultz, we had no alternative but to propose some hypothesis 
which should appear to better explain the phenomena. Our 
supposition may be found to be incorrect, and perhaps by our- 
selves first, when this almost inaccessible region is further inves* 
tigated. In the mean time the hypothesis will have served one of 
the chief fimctions of all hypotheses, to show that there is room 
for further investigation. It we shall contribute to bring about 
that investigation, we shall consider our labour not in vam. 

III. Geookostical relations of the more important 

METALLIFEROUS DEPOSITS. 

§. 1. History of the Mining Industry of the Province, 

The determination of the age, and the stratigraphical classi- 
fication, of the different rocks of which we have attempted to 
sketch the leading geognostical features, independent of its 
purely scientific interest, has also a considerable practical value 
in connection with the metalliferous deposits of the province, 
especially those of zinc and lead, which have already brought 
it prominently before the mining public. The great importance 
to which the production of the ores of the first-named metal has 
attained, will justify us in giving a brief notice of the history of 
the mining industry of the provmce. 

All this moimtainous province was once covered by vast 
forests, of which a magnificent relic still exists near Potes, in the 
district of Li^vana, a&eady mentioned. Various species of oak 
appear to have formed the predominant vegetation of this ancient 
forest, if we may judge by the relic just mentioned, and by their 
common occurrence in every part of the province. In the neigh- 
bouring province of Biscaya, iron ore of excellent quality is 
abundantly found, the spathose iron of Somorostro being espe- 
cially celebrated. This ore appears to have been conveyed along 
the coast to different points in the province of Santander, where 
the oak forests offered supplies of excellent fuel, and where it 
was smelted in venr primitive furnaces, no doubt similar to the 
Catalan forges. The existence of those iron woiks may be 

4b 
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traced along the coast in the neighbourhood of the small streams, 
which flow down &om the first or sub-chains, by means of the 
old slags or " cinder". 

The smelting of iron would naturallj have drawn attention to 
the existence of lead ores, and it would appear that such ores 
as could be procured (rom the nearer ranges of hills were 
smelted. Indeed there can be no doubt but that both carbonate 
of lead and galena were known at a very early period, for we 
find evident traces of worldngs for lead ores, not only along the 
Dobra range, where][the galena presents itself at several points at 
the sui&x^e, but also in several of the recently discovered cala- 
mine mines. Although, by a confiision of traditions, which 
appears to be very common in Spain and Portugal, the country 
people ascribe the origin of all those old workings to the Moors, 
there can be no doubt that they date fix)m the Roman domina- 
tion, and perhaps firom a still earlier period. This opinion receives 
•strong confirmation &om the finding of a coin of the Roman 
Emperor Aurelian in the old workings at Udias. 

It is probable that both lead and calamine were extracted 
by the Romans, who were well acquainted with brass, though, 
if any ores were worked by the Celtiberians in this immedmte 
district, they must have been lead, for we have no evidence that 
brass was known to them. That lead was smelted in the pro- 
vince is proved by the discovery of old furnaces at points where 
galena crops out in the calamine. They are usually small holes 
m the earth, of about 30 to 50 centimetres in diameter, and 
about 20 centimetres in depth, more or less filled with partially 
calcined fragments of galeniferous calamine, charcoal, and the 
red burnt clay which seems to have formed the lining of this 
rude fiimace. It has been suggested that, judging from the pre- 
dominance of the calamine, such hearths may nave been em- 
ployed for the conversion of imported copper ores into brass by 
means of the local calamine ; but, independent of the circum- 
stance that no traces of such ores have yet been, found, it is 
highly improbable, on many grounds, that brass was thus pro- 
duced directly from copper ores by the addition of calamine. 

The smeltmg of lead ores could not have had attained much 
development at any time, inasmuch as they are by no means 
abundant, occurring very irregularly in the lodes, and as they 
have been always considered to be non-argentiferous. Even 
now their working is and must continue to be difficult, and but 
little attractive to the people of a county who set but slight 
value on galena when not argentiferous. In modem times they 
have been almost exclusiveW^ worked by potters, for glazing 
their common earthenware. This circumstance has consequently 
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kept up a tradition of their existence, and when the new mining 
law was promulgated, at the commencement of the reign of her 
present majesty, Queen Isabella, the facilities which it offered to 
the public for speculation and dealing in mining shares, were 
eagerly taken advantage of; and accordingly nearly all the old 
mines reappeared under new names, invitmg the capital and 
enterprise of the country. 

A number of ^^pertinencia8*\ as is termed the standard extent 
of surface adopted by the law as the area to be included in 
each concession, and representing a portion of surface 100"' by 
300"', were secured by certain French capitalists in the year 
1853, and brought under the notice of an experienced engineer 
long accustomed to the ores of the country. It was then dis- 
covered that the greater part, if not the whole, of those mines, 
while nearly insignificant as regards their amount of galena, were 
of immense value in consequence of the quantity of zinc ore 
which formed its matrix, and which, from its many new and 
varied appearances, had not, up to that period, attracted notice. 
Once the public attention was aroused, an incredible number of 
" claims" were published for different classes of minerals, though 
chiefly for calamine ; but when the fever of the first few years 
had passed, and a better knowledge of the real value of the ores 
had been generally acquired, the greater part of the claims were 
abandoned, and of late years the production of zinc ores for the 
foreign market has been confined principally to those mines 
where the great abundance and richness of the ores, joined to 
good practical treatment and administration, have enabled the 

{)roprietors to sustain the works, notwithstanding the continuously 
ow state of the market. 

These mines may be classed as follow: 1. Mines of the Com- 
panie des Mines et Fonderies de la Province de Santander, 
whose principal works are established at Comillas, Udias, and 
Florida Mountain, near Celis, besides others of less importance, 
situated at Ciguenza and Cabada. 2. Mines of the Royal Astu- 
rian Company, whose principal works are at Reocin, near Torre 
la Vega, and Udias; they nave besides a few less important 
** pertinencias" near Comillas. 3. Mines of the Europa Moun- 
tains. Some other companies have worked small but very 
interesting lodes : at Merodio ; near Barzena, on the road to Rey- 
nosa ; in the environs of Novales ; in the Dobra range, etc. ; but 
those concessions have produced only very small quantities of 
ore ; as they are interesting, however, on account of the pecu- 
liarities which some of them present, we shall include notices of 
them in the following observations. 

A classification according to ownership, however useful for 
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commercial objects, can serve very few purposes in science, and 
we must therefore classify the different mines to which allusion 
has been made according to their geognostical relations. From 
this point of view we may classify them into three principal 
groups as follows : — 

1. Mines of Comillas — Stas. Lucita and Felix, or Venta la 
Vega, etc. 

2. „ of the Valleys of Ciguenza and Ore&i. 

3. „ of Valley of Udias — a, north side — Numa, Esme- 
ralda, Sta. Bartolome, 
Magdalena, San Roque. 

h, south side — Angel de To- 
porias, Dolores & Basa 
mines. 

4. „ of Mercadal and Reocin. 

5. „ of the Florida Mountain. 

6. „ of Fuente Arce and of Santander. 

Second Group. 7. „ Dobra range and Viesgo; of MerodiOjTresyiso, and 
the Feiias de Europa. 

Third Group. 8. „ Fotes and Beynosa. 

Although we shall minutely describe the structure and mine- 
ralogical characters of the ores found in each of the principal 
lodes in subsequent sections, it will be useful to state here, in 
general terms, fiie nature of the zinc ores found in the province. 
These are blende, Smithsonite, silicate of zinc, or calamine proper, 
and hydrocarbonate of zinc. The Smithsonite is of two kinds. 

1. A white ore which is found associated not only with blende 
and galena, but also with cinnabar and copper ores, in the high 
mountain ranges, and not in any of the mines of group I. ; 

2. a red ore, commonly known as red calamine. The latter is 
peculiar to the dolomite rocks, of which mention has been fre- 
quently made, and is almost universally associated with blende 
and gjdena, and sometimes with carbonate of lead. The hydro- 
carbonate of zinc is a very peculiar ore, and is exclusively found 
in the limestone imderlym^ the dolomite. The silicate of zinc 
is found associated both With Smithsonite and hydrocarbonate. 
Worn and polished nodules of brown haematite very generally 
accompany the red ore and the hydrocarbonate. 

It may be usefid to state here that we shall use the term " lode" 
in the succeeding descriptions to express any metalliferous de- 
posit, whether it be a true lode or not, trusting that the descrip- 
tion will be sufficiently detailed to enable the reader to avoid 
mistaking the true character of those we shall describe. 

§. 2. Description of Stas. Lucita and Felix, or Venta la Vega 
Mines. Plates 4, 5, 6, 7, and 8. 
These mines, which really constitute but one, lie about 700"* 
to the east of Comillas, and to the south of the high road which 
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Stas. Lucita and Felix Mines, 55 

winds along the north side of the valley of Ruyloba, a continua- 
tion of that of Comillas. Originally " denounced" as a lead mine 
in 1853-54, its real value as a mine of zinc ore (Smithsonite) 
soon became apparent, as we have mentioned above. Situated in 
the immediate vicinity of the village and small fishing port of 
Comillas, and consequently placed in very favourable circimi- 
stances as regards labour and carriage, it was one of the first 
mines extensively worked in the province. 

What may be termed the valley of Comillas, presents very 
marked characteristics, such as suggest many interesting points 
in connection with the dolomitic deposits of Smithsonite. Here 
the observer is struck with the contmuity of a strip of dolomite 
which extends from the Rabia stream to Tramalon, encased on 
both sides by crests of limestone whose dip can be regularly 
determined, and thence that of the underlying dolomite. At 
the two extreme points above mentioned, we find the limestone 
overlapping the latter rock, and can easily follow the succession 
of indications of zinc ore, sometimes sufficiently abundant to 
have justified claims and some preliminary works, and at other 
points assuming all the importance of mines more or less pro- 
ductive. He may also remark that all the outcroppings present 
themselves on the south side of the axis of the valley, and that 
where works more or less extensive have brought to light the 
peculiar characteristics of the mineralized ground, a fault or 
slickenside (jpZan de glissement) is always recognizable, running 
east and west, near which lie the ores, Smithsonite, blende, and 
galena, and that to the north of this fault, although Smithsonite 
may be met with, its peculiar characteristics change, whilst 
blende and galena are always absent. 

The superficial earth which covers the dolomite is very 
ochreous and full of finely polished pebbles of haematite, a 
circumstance which, as we have already remarked, is charac- 
teristic of the dolomite rocks throughout the entire province. 

Such are the general features of the valley. An examination of 
the works of the principal mine will add others equally interesting. 
About 700"* to the east of Comillas, the valley is crossed by a 
mountain stream Here the dolomite is less tilted up than on 
either side, the limestone overlapping more. The lode of the 
Stas. Lucita and Felix mines seems to commence at this point 
called Puente Portillo. Going towards the east, the limestone 
rises in dip and uncovers the dolomite, whose maximimi of up- 
heaval corresponds with that of a development of ore at a point 
some 400"- to the east, and called Venta la Vega. The peculiar 
conditions under which the two rocks occur at this point, have 
been already described at p. 21, and the cross-section AB, PL 
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5, illustrates them. At about 80"** to the east of the stream 
already mentioned, the first outcroppings occur, near the contact 
of the dolomite with the upper limestone. The existence of a 
principal fault, and of some minor parallel ones, is quite appa- 
rent; they are nearly vertical, their dip being to the south. 
Here blende and galena, and red calamine (Smithsonite) are met 
with. The dolomite is veined with barytes, which also lines the 
sides of the principal fault, giving it the appearance of a lode. 

About 60"* farther on, the blende and Smithsonite again crop 
out, intimately mixed with dolomite in veins of variable, but 
feeble thickness, and continue b o increase in development up to 
the principal point, where the great mass of the calamine existed, 
near Venta la Vega. . At this point two cross courses, or rather 
joints, occur; the one running north and south, and the other 
north-west and south-east, the interval between the two on the 
line of axis of the mine being about 20"*' to 25"* That run- 
ning N. and s. is vertical, while the n.w. and s.b. one dips 
towards the n.e., at an angle of about 40° to 45° with tne 
vertical. 

The mine presented originally an immense longituduial but 
irregular mass of perfectly pure red calamine (Smithsonite) 
whose greatest development corresponded to the space comprised 
between the two cross courses before mentioned. In the eastern 
and western extremities of this mass, galena was frequently found 
as if injected into the zinc ore. On the south side blende pre- 
dominated, the chief part of it still remaining When the works 
were commenced, the western surface of the calamine had so 
much the aspect of the surrounding dolomite, there being no 
apparent break or solution of continuity between them, that few 
could have recognized the existence of such an immense mass of 
ore in this particular spot. Gralena had indeed been worked for 
here at some former period, as was proved by the remains of 
cinder, burnt clay, and fragments of partially calcined galenife- 
rous calamine, found at different joints, clearly the relics of some 
rude attempt to smelt lead ores. A shaft sunk near the contact 
of the mass with the dolomite on the north side, went entirely 
through calamine for 15"^, the bottom consisting still of that ore. 
The whole surface was then attacked, and in the course of the 
works it was found that the extent of pure calamine (Smithsonite) 
diminished as the level sank, until, at about 30°* from the sur- 
face, or 15"' below that of the principal adit level, the calamine 
continued to be found only in the two cross courses above men- 
tioned and in the intervals corresponding to the planes of 
bedding of the dolomite. Towards tiie west later investigations 
brought to light some rich pockets, as they were called, at short 
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Stas. Lucita and Felix Mines* 57 

distances from the main mass, and in immediate connection with 
the joints or faults abready mentioned and with the blende. The 
peculiarity of those pockets is, that they are entirely isolated in 
the mass of the dolomite, the only possible communication with 
the interior being through the generally hermetically sealed 
fault which corresponds to their vertical medial plane or axis. 
The ore which they contained was entirely free from galena, or 
blende, as was also that found in a conically shaped cavity to 
the south of the main line, and in immediate connection with 
the overlying limestone. 

Shafts have been sunk both to the east and to the west of the 
main deposit, but without meeting with any important deposit 
of calamme; frequent indications of galena and blende were, 
however, met with, thus proving the continuity of the minera- 
lized line. 

Some idea of the importance of the principal deposit may be 

formed when it is understood that from the year 1855 to 1861 

the following quantities of ores were raised: 

Bed calamine (Smithtonite), tmcalcioed, - . . 12|000toiis. 

„ calcined, 28,000=when uncalcined, - 37,000 „ 

Blende, - 3,600 „ 

Picked galena, ----.-. 36 „ 

Total uncalcined ore, - . - 62,636 tons. 

These numbers are rather under than over the exact quantities 
of ore raised. 

From the preceding observations it results that the Yenta 
may be described as an ^' irregular lode" extending all along the 
south side of the valley of Comillas with a nearly vertical dip, 
but only attaining a highly developed mineralized state at the 
venta, where the upheaval of the dolomite seems to be at its 
maximum; that the main line, well marked by the existence 
of an original joint or fault, is characterized by the presence of 
small quantities of blende and galena, and by barytes, whilst to 
the north and south of the main line, no sulphides or barytes 
occur ; that a system of cross courses or joints running north- 
west and south-east are distinguishable, and apparently having 
a direct relation with the mineralized points, and a certain con- 
nection with the general direction of the transverse valleys which 
meet that of Comillas, the points of intersection generally show- 
ing alterations in the general bearing of the beds ; finally, that 
the very great tilting up, which the dolomite seems to have 
suffered, in conjunction with its peculiar physical characteristics, 
being extremely broken and loose textured, may in a great 
measure explain the irregularities of the lode, and account for 
its incomplete study. 
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§. 3. Description of the Mines of the Valley of Cigtienza. 
Plates 4, 9, and 10. 

When describing the transverse section of the map HK, ante^ 
p. 31, the mines situated in the valley o£Ciguenza, near Novales, 
were noticed. Their connection with tho3C of Comillas on the 
one hand, and with the group of Udias on the other, is very 
interesting, many reasons tending to show that they all belong 
to one and the same system of deposits. On examining the plan, 
PL 4, the connection will appear more distinctly, especially if 
the valley of Comillas be followed up to Tramalon. Here the 
dolomite is covered over by the overlying limestone and sand- 
stone rocks, which present at this point the same anticlinal as 
has been already indicated when speaking of the whole valley, 
the dip of the rocks being, however, greatest and most marked 
on the northern side, where the high road passes. On one side 
of the road, where it winds down the side of a narrow encased 
valley, in the bottom of which runs a stream which flows into the 
sea, forming here a sandy inlet, the upper beds of the limestone 
overlying the dolomite crop out. In some places the beds are 
nearly vertical or dip at a very high angle to the north, and in one 
of them abundant specimens of Pecten nitidus, Mant., have been 
found. Thin beds of blue clay occur in the overlying sandstone, 
and in them are found seams of lignite full of iron pyrites, and 
which characterize this formation all along the coast of San- 
tander. Traversing the valley already mentioned, and passing 
through the village of Cobrecez, whose orange groves crown the 
opposite heights, the dolomite beds are again met with, cropping 
out from under the limestone of the neighbouring mountain, and 
covering the whole of the bottom of the encased valley of Novales. 
Here numerous indications of ore occur, but more particularly on 
the western, eastern, and northern sides. Along the last-men- 
tioned side the indications of calamine may be traced from near 
the limestones on the west, up to the village of Ciguenza, and 
to the neighbouring valley m which are situated the mines 
Vicenta and Emilia. 

This narrow valley is about 750"* in length, from opposite 
the village of Ciguenza to the saddle which divides it from that 
known as the vaUey of Oreiia. The breadth between the sum- 
mits of the opposite hills is about 650""' to 700"* along the line 
indicated in the plan, PL 9. The outcrops on the southern 
side may be followed for more than 1000"*, beyond which, 
although probably extending much further, it is difficult to trace 
their connection in consequence of the nature of the ground. 
The trough of the valley is occupied by a deposit of highly 
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Mines of the Valley of Ciguenza. 59 

ochreous clay, abounding in the polished nodules of haematite, to 
which allusion has been already made, and strikingly resembling 
those of Reocin. On the south side the beds of dolomite are 
almost horizontal, while on the northern they dip at an angle of 
nearly 45°, a circumstance which suggests the existence of a 
fault in the axis of the valley, by which an upthrow of the 
underlying limestone beds that crop out here in a remarkable 
manner as well as in the neighbouring valley of Orena, was 
produced (see transverse section AB, and plan of the valley of 
Ciguenza, PL 9). 

The dolomite on both sides is highly fissured by vertical joints 
running e. and w., and presentmg on the southern side a 
remarkable continuity. Three or four principal ones pass at the 
points indicated on the plan, PI. 9, as the mines Vicenta, Emilia, 
and Soberbia, and being there enlarged and filled with ores, con- 
stitute the mines just mentioned. Of these, the two first are 
very interesting, 'both on account of their structure and the 
peculiar ores found in them. 

At the Vicenta the joints or fissures present themselves more 
favourably for investigation, in consequence of a cross valley here 
interrupting them, and allowing of their being opened under 
very advantageous conditions. Three principal joints were thus 
worked; but other parallel ones remain still uninvestigated. 
They are nearly vertical, and irregular in breadth, sometimes 
attaining two metres, which in direction or in depth diminishes 
imtil the joints become mere planes of contact. The filling mat- 
ter is generally a light, spongy, very plastic, hydrated ochreous 
earth, giving way very easily, and presenting in many places 
such a close resemblance to the enclosing dolomite in its jointing 
and general physical appearance, as to suggest that it was pro- 
duced by the decomposition of that rock in situ. In the wider 
joints, and in the medial plane of this earth, was found a thin rib 
of red calamine, generally highly charged with oxide of iron, and 
in many cases passing insensibly into an ore of iron. In other 
joints the ore at the surface was composed entirely of reniform or 
stalagmitic pyrites; in descending, this ore gradually became 
associated with blende, the two ores forming two thin parallel 
ribs in close contact, which, lower down, passed into massive 
calamine, that filled up the whole interval between the two dolo- 
mitic walls ; gradually this thinned out as the walls approached, 
and ceased altogether where they came in contact. 

In other joints, again, no calamine was found, the filling up 
matter being merely earth and oxides of iron. The calamine 
was more abundant in the joints towards the south than in those 
nearer to the level of the valley. Some galena was found asso- 
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ciated with the blende and oxide of iron, but in very limited 
quantity. 

The joints described were crossed in a most marked way by a 
cross course, running nearly n.w. and s.B., and which seemed 
to have been posterior to the jointing, as the intervals between 
the successive fissures appeared to have each suffered a disloca- 
tion or downthrow towards the west. This cross course was in 
some places 2"'5 to 3"* in width, the points of intersection 
with the main joints presenting the largest cavities, but not con- 
sequently the most nuneralized portions of the deposit. 

Along the southern side a number of elementary lodes, con- 
sisting of a plane of fracture between two thin ribs of barytes, 
and containing no indications of ore, may be observed. They 
may be traced from this mine along the rough and uneven sur- 
face of the weathered rock, up to the Emilia mine, mineralized 
points being noticeable, however, in the interval. At Emilia the 
joints present a new character, that of being minerahzed without 
containing the remarkable quantity of ocnieous earth found at 
Vicenta. The ores, too, are different, blende, Smithsonite, and 
a comparative abundance of galena, being found. The dolo- 
mite has also a different texture, being here harder, sometimes 
coloured of a dark gray or black, highly crystalline, and so inti- 
mately associated at some points with blende, that the passage 
from pure blende to pure dolomite becomes (juite undistinguishabie 
to the eye. When broken, the faces of mcipient jointing are 
found coated with bitter spar crystals, which are also found lining 
the geodes or druses whicn occur in it. An abundance of these 
crystals of bitter spar is, indeed, characteristic of this mine. 
This mine was first worked for galena ; but when afterwards the 
calamine was found to occur abundantly, it became equally im- 
portant as a zinc mine; the ores are, however, very mucn in- 
termixed. They generally occurred in the joints near where 
they cross the planes of bedding. Some of the joints being more 
open, presented at the surface, when uncovered, a mixture of 
galena and calamine (Smithsonite), a thin layer of fine plastic 
brown clay separating the ore from the walls ; this clay at certain 
points, usually in close proximity with bunches of galena, became 
more abundant, and of a yellow colour, the texture remaining, 
however, the same. Holes or cavities frequently occurred in the 
planes of bedding, filled with this earth : these were discovered 
in the course of me work, by the removal of the blocks of rock 
between two neighbouring joints. 

An examination of the transverse section of the Emilia mines, 
PI. 10, will show that the principal mass of the ore seems here to 
have been situated at one particular point about 12 ' below the 
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Mines of the Valley of Ciguenza, 61 

surface, and to have, in fact, occupied in reality the place of so 
much dolomite removed, some of the ore extending itself on the 
south side for about 40 to 50 centimetres between some of the 
planes of bedding. To the north a joint, lined with a thin film 
of the clay already mentioned, formed its boundary, while to the 
south the penetration of the dolomite was so complete in some 
places, as to render the determination of the limit between the 
two so difficult, that the quality of the ore was the only practical 
means. The blende here occurred in the jointing, rarely in the 

? lanes of bedding, and was secondary in point ot development. 
?he length of this particular deposit was about 10"*, its breadth 
about 4°*- at the bottom, and the height about 5"' A plane of 
bedding terminated this caries of the rock in depth, while the 
mineraEzed joints still continued downwards, in one of which a 
shaft was sunk, which showed that it still presented the elements 
of a lode on its eastern and western sides, a thin rib of blende, en- 
cased by barytes, being quite distinct, while the joint itself con- 
tinued imiform and served to guide the works. The dolomite 
was here very hard, striking fire continually with the tools, as 
would a quartz rock — a character more or less conmion to all the 
dolomite of the province, particularly in the mineralized districts. 
The works extended by a level to the east and west of our 
plane of section, following the planes of jointing, and exhibiting 
a more or less continuous lode of galeniferous calamine, with 
associated ochreous earth, along a distance of 50 metres. Trans- 
verse galleries of 5"* to 7"^ to the north and south, indicated 
fully the existence of ores in the neighbouring joints, although 
not always in such abundance as to warrant mming operations. 

At about 30"' to the north of the works of the Emilia, and 
somewhat below their level, some joints were opened in order 
to seek for calamine. None was met with, however, but haema- 
tite was found to fill up the whole fissure. The same ore again 
occurs at about 500"- to the east of the Emilia, where the 
works constituting the Soberbia mine are situate. The oxide of 
iron is here associated with reniform pyrites, the ore strongly 
resembling in many respects that found at Mercadal. 

The ores worked at the mine "Fortuna", situated on the 
summit of the bold hiU forming the north side of the valley of 
Ciguenza, occur under conditions somewhat similar to those 
described when speaking of the Vicenta mine. 

Numerous indications of calamine and blende occur in the 
western side of the valley of Novales, in the dolomite, whose fis- 
sures are mainly filled up by the ochreous earth abeady described, 
and which here constitutes the soil. Those indications may be 
traced up the side of the encasing mountain towards the south- 
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west, and have become sufficiently important at certain points to 
constitute mining claims. TMs continuity in the direction of the 
Udias mines presented such striking features as to justify the 
supposition of a direct connection existing with the latter. The 
question has not yet been completely studied; but its great 
interest, both geognostically and industrially, is at once apparent. 

§. 4. Description of the Mines of the Valley of Udias, 
Plates 4, 11, 12, 13, and 14. 

In examining the plan of the valley of Comillas, it may be 
remarked, that a cross or transverse one occurs at Ruyloba, 
following which, the dolomite may be traced on continuously 
to Udias. The dip of the beds at the beginning of this valley 
is towards the east, and is low. In the immediate neigh- 
bourhood of Ruyloba, a fault occurs which throws them up 
to about 25° to 30°, giving rise thus to a ridge which con- 
tinues in a southerly direction to a point called Peiia Castillo, 
where another fault occurs, running E. and w., and leaving 
the beds with a dip of about 25° towards the east. The dolo- 
mite rock continues to crown the hills all along this ridge up 
to the valley of Udias, the north side of which it follows, tending 
however to disappear underneath the overlying strata to the east. 
At the extreme eastern angle of the valley another fault occurs, 
which tilts up anew the strata, producing thus the tongue of 
mineralized ground on which are situated the Angel de Toporias 
and Dolores mines. Further to the south, the strata are again 
tilted up by another fault, which determines thus the formation 
of the Kasa hills, in whose dolomitic rocks the most productive 
calamine mines exist; they are also the most southerly of the 
Comillas group. Here the dolomite meets the valley of Cabazon 
de la Sal, along the north side of which it may be traced until it 
passes beneath the Saya river towards the east. The over and 
underlying limestone may be concurrently traced up from Ruy- 
loba, and their concordance with the dolomite observed all along 
the line already indicated. They form, in Conjunction with the 
dolomite, the eastern slope of the valley of Ruisenada, and the 
northern and southern siaes of that of IJdias. 

All this line, from Ruyloba up to the Rasa, is highly mine- 
ralized, showing continuous indications of ores, both in the dolo- 
mite and in the imderlying limestone beds. At Ruyloba itself a 
lode occurs, which presents some interesting characters. There 
is here a slight inflexion of the line of the ridge, which causes 
the brow or side to turn to the north. A vertical fault occurs 
here, which traverses the outcropping dolomite in a direction 
nearly n.w. and s.k., and in which has been found calamine. 
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generally intimately mixed up with blende and very finely gra- 
nulated galena, the mixture bemg so intimate as to have rendered 
the greater part of the ore extracted worthless. The width of 
this fault or lode is variable, but may be estimated at from 2"* 
to 3"- The blende has many of the characteristics of that of 
the Florida mines, as shall be noticed hereafter. On account of the 
quality of the ore, no serious investigation has been undertaken 
in depth ; but a natural shaft, seemingly some former water- 
channel, indicates a probable continuity. 

Indications of blende and calamine occur along the line of 
dolomite towards Udias up to near Pena Castillo, m the neigh- 
bourhood of which the first deposit of white calamine (hydrocar- 
bonate) occurs in the Numa mme. The peculiar relations of the 
limestone and dolomite beds has been already indicated, as well 
as their connection with the two classes of ore, red and white. 
As all the deposits of white hydrocarbonate and silicate are more 
or less alike, it will, perhaps, be sufficient to describe one or two 
of the more important ones in detail, and merely notice the special 
peculiarities oi the others. 

The first which we propose to notice is the Esmeralda. 
This mine is situated in the limestone, which crops out imme- 
diately firom under the dolomite ; on the northern side of the 
works a fault running e. and w. is quite perceptible, near 
which a shaft was sunt in search of white ore. At a certain 
depth red calamine, accompanied by galena, was found, by which 
a connection seems to be established between the two classes of 
ore. A similar circumstance may also be noticed at the San 
Bartolome, the next white mine which occurs, following up the 
limestone towards Udias, and one of the most interesting both as 
regards its ores and the peculiar conditions under which they are 
foimd. 

The San Bartolome deposit is situated at the flat summit of a 
spur of the limestone rocks, near the n.w. angle of the valley of 
Udias. To the s., the w., and the n., depressions occur which 
have allowed of its being attacked at the latter two sides, at about 
30^' below the level of me outcropping. At the top, the cavity 
in which the ore lies is about 50"* in length, and 25"* at the 
point of its greatest breadth, near the eastern extremity ; the walls 
incline in towards the axis, giving to the cavity a conical or 
funnel shape, characteristic of all those limestone deposits. Points 
or needles of limestone, having the appearance of immense trun- 
cated stalamites, become more frequent as depth is reached. The 
walls themselves have a smooth surface, such as would be pro- 
duced by tidal action, when boulders or gravel are rolled to and 
firo upon the surface of rocks. The cavities resemble, in fact, 
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very much those deep holes or wells which may be met with 
along limestone shores, where the beds are horizontal or but 
slightly inclined. 

In such a cavity was formed an immense mass of white cala- 
mine, although under conditions so extremely variable that 
it would be diflSlcult to define them. Some idea would, however, 
be formed of its structure by supposing a large conically-shaped 
cavern to have existed, and in which stalactites were formed by 
solutions containing carbonates of lime and zinc ; if, then, we sup- 
pose the whole of those stalactites to be broken up by the falling 
m of the roof, or some such similar accident, so as to produce a 
confused mass, which new solutions again covered with repeated 
crusts of carbonate of lime or hydrocarbonate of zinc, the result 
would resemble somewhat the appearance which this deposit pre- 
sented. Such, too, may have been the mode of its formation, 
and the green ochreous and plastic earth in the western part of 
the deposit may have been carried by floods into the cavern. 
Lumps of carbonate of lead have also been found in the clay 
just mentioned, and the existence of ancient inclined galleries 
foimd in this part of the work, leaves no doubt that the mine was 
once worked for that ore. The bracings were of oak, worked 
with the hatchet, as were also the boardings, and had a striking 
resemblance to the similar works found in the mmes of Welken- 
rath, near Aix-la-Chapelle, one of the groups of the Vieille Mon- 
tague Company's mines, except that the boarding was there 
sawn; in this mine llie ore sought after was the galena 
which accompanies the calamine, and also blende, pyrites, and 
oxides of iron. The direction of the galleries was irregular, 
having seemingly followed the sinuosities of the ore sought after, 
their section being small, not exceeding 0"-80 in the square. 
Some idea of their age may be formed from the fact that the oak 
had become entirely black and extremely hard, having all the 
appearance and solidity of Irish bog-oak. 

An adit level was dnven from the north side, where the ravine 
sinks enough to have enabled it to meet the principal shaft at 
about 30'"- from the surface. In driving it a deposit of red cala- 
mine was cut through, which was rendered still more interesting 
by the presence of galena and blende. This deposit seems to 
have formed a lenticular mass, no trace of it existing at the sur- 
face, while near it was found a fault or rent in the limestone, 
running K. and w., and communicating with the surface, which 
had momentarily impeded the works by letting down a large 
quantity of earth. The red calamine may be supposed to occupy 
a cavity situated on such a rent or fault. None of the faults 
peculiar to the dolomite, and marked by slickensides, are appa- 
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rent in the limestone. Vertical joints, on the contrary, charac- 
terize this rock, and those, when widened out, and filled with 
white calamine and earths, constitute the mines Numa, Esme* 
ralda, Magdalena, San Roque, and Dolores. In the case of the 
Numa and San Bartolome, those enlarged joints form conically- 
shaped caldrons, whilst at San Roque, Magdalena, and Dolores, 
they have an elongated, zig-zag shape at the surface, but, on the 
whole, presenting nearly the same general characters, as may be 
seen by examining the sections b and c, PI. 13, and the sections 
CDandAB,PLU. 

Leaving the north side of the valley of Udias, where the mine 
Magdalena is worked in the Hmestone underlying the dolomite, 
and which produces hydrated white ores, but sometimes charged 
with ochreous clay, and the San Roque mine, situated in th^ 
same bed of limestone as the San Bartolome, and having many 
of the characteristics described as peculiar to the latter, and also 
yielding the same kind of ore, we pass to the south side, where 
are situated the Dolores mine, the Angel de Toporias, and the 
whole set known under the general tide of the Rasa mines. 
Allusion has already been made to the first mentioned in describ- 
ing the beds of the valley of Udias. 

The limestone in which the Dolores occurs, and which dips 
here about 10° to 15°, would correspond with that of the Mag- 
dalena on the north side, and although nearly horizontal in ita 
bedding, is nevertheless highly fissured by vertical joints. The 
rock itself, which, from the fact of its furnishing a cement, must 
contain a certain amount of silicates, would seem to have offered 
but little resistance to the decomposing agents which came 
into contact with it; and in some such decomposing action 
would probably be found an explanation of the extent and fre- 
quency of those large fissures, which correspond not only to 
the planes of jointing, but also to the planes of bedding. In 
both have been found characteristic hydrocarbonates and sili- 
cates, some of them even presenting a peculiar gray colour, indi- 
cative of that of the rock in which they have been found. 
The regularity and frequency of the joints nearly vertical to the 
planes of stratification, have given to each bed the structure of a 
massive pavement, in which a block gives way if not directly 
sustainea by the subjacent bed. This dislocated structure, aided 
by the activity of the decomposing agents, would not only facili- 
tate the enlargement of the joints and the formation of cavities, 
but also of caverns. Such a result has already been partially 
indicated, when offering some explanation of the peculiar struc- 
ture of the San Bartolome mine ; here, however, we have another 
form which perhaps completes the explanation. In the upper 

5 
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part of this limestone at a point near the plane of contact with 
the dolomite, a shaft was sunk in search of beds of calamine, and 
a depth of about 10°^ to 12"'- had been reached, when the 
workmen came upon a cavern until then completely isolated, 
and which must have evidently resulted from the action of a 
stream of water upon the easily decomposed rock. Its resem- 
blance to the mine, or, as we may for a moment term it, the 
open cavern of San Bartolome, was completed by the presence 
of masses of white ore. At the northern end, or that nearest to 
the surface, a small mound of fine surface earth was found, which 
appeared to have gradually been formed by the continual falling 
in of particles through a funnel-hole, corresponding in all pro- 
bability to a plane of jointing, and consequently forming the 
orifice of a nearly vertical passage to the surface. Not far from 
this mound of clay were found a number of fossil remains, some 
lying on the floor, and others partially buried in the ore which 
covered it. At the period of its discovery the orifice was sealed 
up. Probably this occurred by one of the blocks of limestone 
getting detached from its place by the corrosive action already 
alluded to, and falling into the passage, suddenly shut it up, and 
thus enabled the most singular chemical changes to go iminter- 
ruptedlv on for ages. The first fossils brought up by the work- 
men who discovered the cavern, consisted of part of the antler 
of a deer ahnost unchanged, and some bones, among which were 
conspicuous three teeth of the Elephas primigenitiSj two of the 
under jaw being wholly unchanged, and one of the upper jaw de- 
composed into lamellae, of whidi several adhered together. As 
soon as the discovery of this cave became known one of us (Mr. 
O'Reilly), in company with M. Javot, the head engineer of the 
mines, at once visited the spot. On descending into it, the 
visitors were struck by the a|>pearance of the roof and floor ; from 
the former descended stalactites of various sizes and of the most 
fantastic forms, the more common being that of an elongated, 
inverted cone, like those met with in limestone cav^ns; many, 
however, had the appearance and colour of white coral trees, 
and some being almost pure hy drocarbonate of zinc, were of the 
dazzling white peculiar to that mineraL The floor was com- 
posed of one immense bed of white ore of variable thickness, 
but in some places it was found to attain a thickness of l"-5 ; 
the irregularity of the groimd producing a corresponding irregu- 
larity in the surface of the bed. Traces of a stream were recog- 
nized, which during the rainy season traverses the cavern, and 
which no doubt contributed to the deposition of the hydrocar- 
bonate of zinc. The floor was so white that the visitors hesitated 
to tread upon it with their muddy boots. Here and there the 
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floor was covered with the mineral in a granular form, and 
portions of it, upon which water was continually forming, felt 
soapy. The phenomena presented where the dropping occurred 
are very interesting, for they give us an example of one of the 
modes of the production of globular structure so complete, that 
we can trace it through every stage. As we have had occasion 
to trace the development of remform structure in an equally 
complete manner, we propose to devote a separate section to the 
mineralogical description of the ores of the province, to which 
we accordingly refer the reader for a foil account of the effects 
of the dropping water in the structures of the Udias cave. 

During a second and more extended visit to the cavern many 
other foE^ were found, among which were portions of the tusts 
of a rhinoceros. The section was oval, 2^ centimetres by 4i 
centimeters, diminishing to 2]^ centimetres at the extremity, and 
about 20 centimetres in length, and slightly curved ; and a tooth 
2 centimetres in diameter, and 3^ in height, of some carnivorous 
animal. The tusks were decomposed, and became very friable 
when exposed to the air. A fragment of a large bone, apparently 
representmg the acetabalum, the hemispherical cavity mtended 
for the reception of the head of the femur being 15 to 16 centi- 
metres in diameter, and having a depth of at least 8 centimetres; 
there were also some ribs, small femurs, apparently of deer, and 
the bones of birds. About forty specimens were collected by 
the care of M. Javot, head engineer of the mines, with the 
intention of sending them to the Museum of Paris, accompanied 
by descriptive notes. The governor of the province, however, 
having heard of the occurrence, requested the company to whom 
the mmes belonged, to hand them over to him for the purpose, 
as was understood, of having them preserved for the pubfic in 
the museum of the School of Mines at Madrid. The directors 
of the company at once acceded to the request, and the fossils 
were in consequence removed by the alcalde of one of the neigh- 
bouring jurisdictions, before even those who found them had 
sufficient time to attentively examine them." 

Between Comillas and iJdias the dolomite already described 
contains some outcroppings of red calamine, which, however 
unimportant commercially, are nevertheless interesting on ac- 

'* Mr. O'Reilly having had occasion to pass through Madrid in the month of 
April, 1862, and being most anxious to see the specimens, and learn the result of 
the investigations of the professors of the School of Mines, was surprised to learn 
that no such collection had ever reached them, and that they had not even 
heard of them ! It is to be hoped, however, that such an important scientific 
treasure is not entirely lost, and that the efforts of the learned director of the 
School of Mines will be successful in finally securing the collection for the 
public, for whom it was originally destined. 

5b 
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count of their connection with the wh^te ore deposits abeady 
mentioned. From near Peiia Castillo indications of ore may be 
met with and followed up to a hill about lOOO"* to the s.e.: 
here they increase and have assumed sufficient importance to be 
worked as the mine Sinforosa, which however has been but feebly 
productive. White calamine has, however, been found in the 
fissures of the imderljdng limestone. It is only on the southern 
side of the valley of Udias that the red ore mmes assume a real 
importance. Two groups may be distinguished, those of the 
Gandara (the name given to the south bank of the valley), and 
those of the Rasa, situated on the continuation of the dolomite 
towards the valley of Cabazon de la Sal. Of the former the 
more important are the Angel de Toporias and a portion of the 
Dolores mine. 

The Angel de Toporias was at first claimed as a lead mine, 
but subsequently its great apparent wealth in calamine rendered 
it an object of the rival claims of the two most important com- 
panies in the province. As may be seen hj the map, PI. 4, it is 
partially covered by a strip of the overlying limestone which 
forms two conical lulls on the south side of the valley of Udias, 
dividing it thus from that of Toporias. In this latter valley the 
dolomite crops out from beneath the limestone, and contained a 
very rich deposit of calamine, now exhausted. The works ex- 
tended from near the Dolores to the valley in question, passing 
under the limestone hills at a depression which occurs between 
them. The ore here, as at the Rasa mines, is the red carbonate 
(Smithsonite) with more or less blende and galena, according to 
the points attacked. What renders this mme interesting is its 
apparent connection with the last fault to the south indicated in 
the map, and which apparently runs through the valley of 
Toporias. Cross courses are also met with here and at the Rasa; 
but their direction is so extremely irregular that no precise defi- 
nition of them could be given. At the Rasa, as in the south 
5 art of the Dolores mine, tide works continue principally in the 
irection of the bedding. Such is indeed a characteristic of all 
the mines in the dolomite, even where the general form of a lode 
is fully developed. At the Rasa three levels of ore have thus 
been discovered, although the dolomite has not in any instance 
been yet cut through. 

§. 5. Description of the Mines of Reocin and Mercadal. 

The beds of dolomite of the Rasa mines may be followed to- 
wards the S.E. xmtil they lose themselves in the neighbourhood of 
the Saya river. The observations made hitherto tend to prove that 
they reappear at Reocin and Mercadal where they are character- 



Digitized by VjOOQIC 



Mines of Reodn and Mercadal 69 

ised by the presence of masses of red calamine, slightly intermixed 
with galena and blende, and with great abundance of oxide of iron. 
The mines of Reocin and Mercadal are situated in two parallel 
valleys perpendicular to the course of the river Besava, the for- 
mer at about 1^*, the latter at about 2*^5, from the point of 
junction of that river with the Say a, near Torre la Vega. The 
stratification of the rocks is very distinct, the beds at Reocin 
dipping towards the north at an angle of between 20° to 25®, 
whilst at Mercadal, more to the south, the dip increases to about 
30°. The river from Puente San Miguel flows in a valley 
bounded on both sides by horizontally bedded sandstone, very 
loose in texture and highly charged wim oxide of iron and some 
oxide of manganese. Here and there the eroding action of the 
river has uncovered portions of limestone and dolomite beds — 
the three kinds of rocxs rising up gradually towards Reocin, and 
thus forming the northern boundary of the valley in which lies 
the deposit of ore. Its length from east to west would be about 
2^-, the breadth from north to south being about 700"' to 800^ 
The dolomite, which crops out along the northern side of the 
valley from under the sandstone and limestone rocks already 
mentioned, rises in elevation towards the west, where, in close 
contact with the limestone of the south side, it shuts in com- 
pletely the valley. The space between the dolomite on the 
north and the limestone rock on the south is almost entirely 
covered by an, immense lake-like deposit of red ochreous earth, 
highly charged with oxide of iron, and in certain points with 
nodules and small fragments of Smithsonite, to such an extent 
as to have rendered it a very profitable operation to wash them. 
The great mass of the ore has been found near the eastern ex- 
tremity, and penetrating the dolomite. The deposit here assumes 
the form of a filon eouche^ or " flat vein", more characteristically 
than anywhere else in the province, an entire bed of dolomite 
seeming apparently to have been replaced by the carbonate of 
zinc, as in the case of the " Emilia" already noticed. The sub- 
stitution of carbonate of zinc for the rock, and the filling up 
of joints so frequent and so wide in the beds of dolomite, has 
been so extensive as to have rendered mining operations often 
dangerous, on account of the necessity of removing the ore from 
the planes of bedding and jointing. The red ore has been 
followed up by shafts and adit levels along the northern side 
from east to west, in which direction it thins out. The accom- 
panying iron ore is, however, found here as abundantly as else- 
where in the valley. 

Taking into consideration the very large production of cala- 
mine oies (about 80,000 tons mostly of calcined ore up to 
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the year 1861), the small quantity of blende and galena found is 
remarkable, as is also the very great abundance of oxide of iron 
in the accompanying earths. 

At the base of the dolomite are found beds of a dull, black 
coloured limestone, seemingly identical with that from which a 
very fine cement is made at the valley of Udias, and which on 
that accoimt might serve as a point of connection between these 
mines and those of Udias. Li the lowest of those beds, which 
crop out along the south side of the valley, and which, tilted up 
towards the south, form a ridge of hills constituting the northern 
boundary of the valley of Mercadal, are found deposits of white 
calamine, having many of the characteristics of tne similar ores 
from UiUas, except that they are generally more earthy, and 
exhibit but rarely the stalactitic structure wmch is so remarkably 
developed in the ores from the mines of the last mentioned 

Soup. Massive blocks of limestone, seemingly detached from 
eir beds by the combuied action of water and weather, occur 
here, and imbedded in them are found rounded nodules of zinc 
ore, which remind us of the septaria in the clay beds, the 
nodules and balls of clay iron in coal measure strata, and the 
concretionary oxide of iron found frequently in many limestones. 
As has been already mentioned, the ridge of limestone rocks 
which forms the southern boundary of the Reocin valley, sepa- 
rates it from that of Mercadal, the distance between them bemg 
about 1,500"" The dolomite, which crops out here on the 
north side, is very limited in extent, when compared with that of 
Reocin, the tiiickness being much less, and tiie mineralized por- 
tion not extending over more tiian SOO**"" east and west. The char 
racter of the ore is very different, presenting at the point where 
most abundant a strange mixture of blende, galena, calamine, iron 
pyrites, and oxides of iron, the whole being of inferior value on 
account of the expense of dressing it. To me east of the central 
point (Maximina mine) occur pockets of red ore, filling up joints 
m the beds of dolomite, and forming local deposits in the bottom 
of the little valley, underneath a tiiick bed oi red ochreous earth, 
like that found at Reocin. Here, again, white calamine presents 
itself in tiie limestone beds, which nse up on the soutii side from 
under the overljring dolomite. The occurrence of a bed of slate- 
clay between the two establishes a certain similarity with those 
of the north side of Udias. 

§. 6. Description of the Florida Mines. Plate 15. 

Those mines are situated at about six miles to the s.e. of 
San Vicente de la Barquera, and have taken their name from 
the mountain on the summit of which they are found. The 
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ridge extends in one continuous line for about one mile from 
£. to w., along the whole of wliich crops out a thick bed of 
dolomite, in which calamine has been found (see section II., 
PI. 2, and the cross section &om south to north of Florida 
mine, PL 15). This bed dips towards the north, at an angle of 
45® to 40°, the latter being general. Its thickness varies between 
110"- to 120"* along the mmeralized line. The dolomite may be 
traced much farther to the east and to the west ; but, as the ground 
is very irregular in both those directions, it is not easy to indicate 
precisely the connection. Nevertheless, there are many reasons 
tor presuming that this bed corresponds with that of Mercadal 
and Reocin, although the thickness is apparently greater. This 
hypothesis, however, is much strengthened by the characteristics 
of the ores. On comparing the conditions under which they are 
found with those already described as existing at the Venta, it 
may at once be seen that there exists no anticlmal here, nor are 
any characteristic faults or elements of a lode to be traced. The 
ore is principally met with in the intervals between the beds of 
dolonute, and in the works which have been opened up, the thick- 
ness of the ore deposits is generally greatest near the surface, 
thinning out in depth. Although ore is found at several points 
along the line of outcrop — a fact which establishes a connection 
between the main deposits, distant from each other about 1,200"' 
— yet, on the whole, those deposits, of which three principal ones 
have been worked, are very circumscribed. 

In the mine known as '* Clara'', situated to the extreme east of 
the line, there exists a system of cross joints, having the character 
of lodes, running n.w. and ;S.E., as at the Venta, but much less 
develc^d than at the latter. 

The ores of the Florida Tare characterized by: 1. a greater 
abundance of galena, which occurs in a more isolated way than 
at the Venta, and is also accompanied in many specimens by 
crystals of carbonate of lead ; 2. a smaller proportion of blende, 
and that more transparent, that is, less ferruginous, and generally 
reniform in structure; 3. a greater abundance of sulphate of 
baiytes, which presents itself along the whole mineralized line, 
but principally near the western extremity, in the outcrops of 
the Isidore mme, where it has all the well-known characters of 
that mineral ; 4. more frequent occurrence of oxide of iron and 
pyrites, into which ore the veins of calamine often pass as they 
thin out in depth. The works have not as yet attained a greater 
depth than from 30"* to 35"', so that no opinion can be formed 
as to their extension in depth, however apparently well founded 
maj be the hypothesis which woidd lead us to infer their conti- 
nuity in this direction. 
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These mines have been looked upon as an excellent exemplifi* 
cation of a filon couchey or " flat vein". The fact, however, of the 
existence of cross courses is interesting, and establishes a point of 
connection between the Florida mines and that of the Venta, 
where such "filons couches" also exist, as has been already 
noticed, but where they are, however, of secondary importance. 
Up to the year 1860 the produce of those mines amounted to 
about 7,000 tons, of which 100 tons at least were pure galena. As 
regards produce, they are consequently inferior to the other prin- 
cipal mines of the province, although on account of their greater 
regularity of structure and greater abundance of galena, they have 
Vispired greater confidence in their mineral weslth. 

§. 7. Description of the Mines ofPuente Arce and Santander. 

The dolomite of Reocin and Mercadal, which disappears 
under the overlying beds in the neighbourhood of the river 
Saya, is completely covered over by the immense deposit 
of sandy clay, full of quartz boulders, upon which Torre la 
Vega is built, and portions of the lower cretaceous formation, 
the horizontal beds of which form low promontories all along 
the river down to its mouth near Suansez. Farther on to 
the east, ^it again reappears near a point called Puente Arce, 
with its accompanying beds of limestone and sandstone. The 
stratification is here still nearly horizontal, the planes and joints 
beinff easily recognizable. They contain mineral matter, in 
which, while traces of calamine and blende occur, iron ores may 
be considered as exclusively predominating, the same ochreous 
earth filling up the hollows, clefts, and depressions of the ground, 
as was described in speaking of the valley of Ciguenza. TJiis cir- 
cumstance forms thus a coimecting link between the mines already 
described and those situated about Santander, where the dolo- 
mite reappears with its accompanying beds, and in which crop out 
galeniferous red calamine and blende of an unproductive nature, 
and immense deposits of oxide of iron connected with beds of 
pyrites, of which some are still left extensive enough to justify 
mining operations. It is remarkable that the reniform structure 
predominates in these pyrites; the oxide has not, however, this 
texture, but is, on the other hand, highly scoriaceous or tufa- 
ceous, and in this respect very sinular to certain red calamine 
ores. The ore is of excellent quality, as may be judged from 
the fact that it was formerly smelted with wood charcoal from 
the neighbouring mountains, and used by the government at a 
cannon foimdry, which Charles the Third established at the 
Cabada. The abundance is such that the countiy people could 
gather the ore firom the surface of the neighbouring mountains, 
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Peiia Cabarga, etc., and deliver it at the point of embarkation for 
about four and six pence to five shillings per ton. Those depo- 
sits of haematite extend all round the bay of Santander towards 
the west and south in solid masses, but generallj sufficiently loose 
in texture to allow of their being worked at a very low cost, the 
expenses being, however, greater in those places where the mas- 
sive nature of the ore renders mining to a certain extent neces- 
sary, and where the superficial deposit has already been worked 
away; nevertheless, even under diose conditions it has been 
worked to a considerable extent at about ten shillings per ton, the 
expenses of charging aboard ship being included in this sum. 

§. 8. Description of ihe Mines of the Dohra range and ViesgOj of 
MerodiOf and Treeviso. Plate 15. 

' The mines already described lie between the sea coast and the 
Dobra chain, which runs from b. to w., passing Puente Viesgo, 
Las Caldas, near Cabazon de la Sal, and finally merging into the 
mass of mountains which line the eastern side of the river Deva. 
Although no mines extensively productive occur along this line, 
nevertheless, there are found liiunerous indications of ores so pe- 
culiar in their nature, and so interesting when contrasted with 
those of the other groups, that they deserve at least a brief notice. 
The main axis of the chain consists of limestone in which the 
bedding is not easily recognizable, partly on account of the 
metamorphic action which it seems to have undergone at the parts 
exposed. It is very much jointed, somewhat like granite, 
although the joints are more numerous and complex. No fossils 
or indications of them have been foimd up to this time, either 
in this limestone or in the highly inclined beds of sandstone 
which rest upon it at both sides of the chain, as is shown in 
section IV., Fl. 3. As this chain is traversed perpendicularly by 
three of the principal rivers of the province, the valleys of 
intersection present very favourable conditions for determining 
the relations of those rocks. At two of those points, Puente 
Viesgo and Las Caldas, hot carbonic acid springs exist, the tem- 
perature of that at Viesgo being 35® C, and that of Las Caldas 
37^-5 C, while the Hermida springs, of which mention shall be 
made hereafter, situated in the valley of the Deva, have a tempera- 
ture of 52°-5 to 56®-25 C. All along the chain traces of galena and 
associated carbonate of lead, blende, calamine, copper pyrites, and 
carbonate of copper, occur mostly in the principal mass of lime- 
stone. At certam points those mmeral indications attain sufficient 
importance to be worked as mines, as at Puente Viesgo, the point 
known as Sitio de la Trecha, immediately overlooking the village 
of Sapenilla, etc. At other points small lodes or pipe veins, which 
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are met with along the chain, have long been worked for galena 
by the peasantry. Between Las Caldas and Puente Viesgo, the 
outcroppings are almost continuous along the axis of the moun- 
tains, presenting themselves generally nearer to the northern line 
of jimction of the sandstone and limestone. The ores are usually 
accompanied by calc spar, and consist of the mixture already 
described, the galena and blende, however, predominating. Near 
Las Caldas, two lodes have been met with, of which one has 
been worked for blende and galena. The other, situated at the 
Sitio de la Trecha, had the character of a regular lode or vein, 
about 0"-70 thick, dipping to the w. 15® s. at an angle of 55^ 
the strike being n. 15° w., when the workings had attained a 
depth of 6"' and the outcrop had been uncovered to the extent 
of 35"' The walls were lined with a thin layer of a greenish 
plastic clay ; the mineralized portion was principally composed 
of two parallel bands or ribs, the under one being calamine, the 
upper, or that near the roof or hanging wall, and about one- 
fourth of the total thickness was blende, mtermixed with a little 
carbonate of lead, galena, and cinnabar. Situated at a point of 
difficult access, and not presenting the qualities required in a 
lode to render its working profitable, purity, mass, and continuity, 
this lode was not considered worthy of further investigation. 

Going eastwards from this mine along the axis of the chain, 
nearly vertical, thin veins of copper ore, imbedded in calc spar, 
occur in the mass of the limestone, but are only traceable for a 
few metres. At other points towards the northern junction with 
the sandstone, pockets containing galena and Smithsonite in small 
quantities have been found, the accompanying clay being here 
highly ochreous. But up to Viesgo no considerable mass of ore 
has as yet been anywhere met with. 

Here the chain is traversed by one of the principal rivers of 
the province, and presents a highly picturesque moimtain pass, 
the limestone rocks standing out boldly on the western side, 
while on the eastern, in front of the village, those same rocks 
seem to have been considerably eroded, and have a much less 
precipitous declivity, the red sandstone immediately in contact 
with the limestone running out on the north side, towards the 
river, forming thus a spur, which closes in the valley on that 
side of the village. 

Near the summit of the eastern declivity, in front of the 
village, and almost in contact with the red sandstone, are found 
irregular veins or pipes of carbonate of lead and galena, blende and 
Smithsonite being the exception. The irregularity is here very 
great, the fragments of limestone, which are highly saccharoidal 
m texture, seem to have been brought into their actual position 



Digitized by VjOOQIC 



Mines of the Dobra Range and Viesgo^ etc. 75 

by some violent disturbing action ; veins of rosy calc spar are 
very frequent ; and the clay which lines the cavities has a pinkish 
flesh colour of variable intensity. This earth has imbedded in 
it great numbers of doubly terminated prisms of clouded quartz; 
there are likewise found in it pieces of calc spar, dolomite, oxide 
of manganese full of small quartz crystals, and white or rosy 
amorphous carbonate of lead, for wmch the greater part haa 
been washed. Masses of pure galena, weighing from lO^"*"' to 
50^*"*, always covered externally with a thin coating of carbonate 
of lead, have also been taken out; the latter ore forming, how- 
ever, the principal mass of ore hitherto extracted. Numerous 
thin veins of a green, soft talcose clay run through the limestone 
here; when exposed to the air for a short period, it entirely 
decomposes into a highly plastic clay of variable colour, being 
sometimes of a pale cream colour, sometimes of a rosy or reddish 
colour, but always different from that of the undecomposed 
mass. The pinkish flesh coloured clay, which forms the matrix 
of the ores just described, is obviously connected with these 
veins of talcose clay. 

At the foot of the declivity above mentioned, near the bank 
of the river, and close to the jimction of the red sandstone with 
the limestone, are the hot springs of Viesgo, which enjoy a con- 
siderable reputation in the province for their medicinal properties. 
A most remarkable mass of indurated red ochreous clay, having 
the appearance of a dyke, stands out from the surface of the 
ground near the springs, whose action it seems to have imdergone. 

At about 2500"' to the e.s.e. of this point, and near the 
junction of the red sandstone, on the northern side of the 
chain, another mine occurs, presenting the same features in res- 
pect of ore, and containing carbonate of lead, as at Yiesgo, 
except that here galena predominated. In the intermediate 
space indications of ores have been met with, forming as it were 
so many connecting links, while still farther to the east, certain 
other outcroppings seem to prove a considerable extension of 
mineralized ground in this chain. 

To the west of Las Caldas, other mineralized points have 
been noticed, and in some cases even worked by potters for 
galena. Another remarkable fact to be noticed, is the recurrence 
of the peculiar quartz crystals of Viesgo, imbedded in a portion 
of the limestone rocks which line the eastern bank of the river 
Deva, at a point called the Pena Mala, and also in the massive 
Smithsonite from the mines of Merodio. Near the point in 
question, a copious foimtain pours out from the side of tne path, 
seemingly one of many that formerly existed in the highly 
fissured rock. 
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The hot springs of the Hermida, of which mention has abeady 
been made, occur about five miles from this point, further up the 
course of the river Deva, on the eastern bank. The valley is 
here narrow, being only the breadth of the river and of the road 
which runs along the western bank, about SO""' altogether; on 
both sides the limestone rocks, through which the river has cut 
its way, rise up almost precipitously ta a considerable height. 
The tortuous road leading to the mines of the mountains ot 
Europa, commences here, and, by continual windings, attains the 
first plateau, situated at 800". to 900". above the level of the 
river. The springs issue from clefts in the rock at the level of the 
water, and are very abundant, the temperature, as before stated^ 
being 52® to 56® 0. On examining the map, it may be remarked, 
that their position corresponds very nearly with tne intersection 
of the DoBra chain with the river, and that consequently these 
springs are very probably intimately connected with those already 
described as existing in that chain. Their position is rendered 
still more interesting by the circumstance that the valley of the 
Hermida is traversed magonally by a nearly vertical dyke of red 
ochreous indurated clay, striking n. 23® w., s. 23® E., dipping 
slightly to the N., and whose greatest breadth may be estimated at 
about 35"* to 40"* The springs are situated at the point of 
contact of this dyke, where it traverses the bed of the river. 
From this point it rises on both sides of the valley, following the 
conformation of the limestone rock, and attaimng its greatest 
elevation towards to the north, on the summit of the promontory 
formed by the junction with the river Deva of the mountain 
torrent, which, fed by the ever-melting snows of the Penas de 
Europa, flows at the foot of the precipitous mountain on which 
is situated Tresviso. At this pomt, named Osuiia, rendered re- 
markable by the occurrence of outcroppings of white anhydrous 
carbonate of zinc and galena, it seems to be inflected towards 
the west, traverses the torrent, and apparently constitutes the 
mineralized ground of the Tresviso mines. Towards the south, 
the dyke, rising with the declivity of the limestone, is traceable 
for at least two miles beyond the Hermida, seeming to pass near 
the mountain village called Linares, and probably continuing on 
up to the elevated mountain pass known as the Puerto de Li- 
bena, where a mine of red calamine, blende, and galena, has been 
worked in the limestone. Along this southern part, although 
not in the immediate vicinity of the dyke, outcroppings have also 
been observed, the Smithsonite being generally exactly similar 
to that of Merodio, with traces of copper, while the galena, 
where found, was associated with white quartz, as will be noticed 
in the description of Tresviso. 
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The most remote indication of Smithsonite towards the south 
presented itself under very peculiar circumstances. At this point, 
situated near the junction of the limestone with the overljing 
red sandstone, the dip of which was easily ascertained to be 45® 
to the east, on account of the regularity of the bedding, was 
found a large mass of fine greenish semi-translucent Smithsonite. 
It was firmly imbedded in a nearly vertical and yet open cleft 
of the rock, and was completely isolated, no apparent trace of 
any other ore being recognizable. The accuracy with which it 
fitted in the cleft, as well as the elevated and almost inaccessible 
position in which it was found, precludes the idea of its having 
been carried there. It is difficult to conjecture how it came 
there ; but the simplest hypothesis would seem to be, that it was 
formed in situ by the action of a spring. We need not discuss 
this subject further here, as we shall have something to say upon 
the action of hot springs further on. 

If, when standing on the summit of the Florida mountain, we 
look to the westward, the great limestone masses which form the 
Peiias de Europa stretch themselves out very distinctly before 
us ; the bedding is well marked, and enables the eye to follow 
very clearly the contours of the successive ranges of hills, which 
seem to rise one above the other from the sea coast. In one of 
the lower ranges, and somewhat to the south of the continuation 
of the axis of the Florida, near the village of Merodio, an inter- 
esting gjoup of mines was discovered. The limestone here is 
lithologically the same as that immediately to the south of the 
Florida mountain, and corresponds to that of the chain of the 
Dobra, as was already noticed in a previous part. The opinion 
that the ores in the two limestones are due to identical causes is 
greatly strengthened by the abimdance of small doubly terminated 
quartz crystals, which are found sometimes isolated, and sometimes 
aggregated together so as to form a nearly white mass of loose tex- 
ture, and which resembles in many respects those foimd at Puente 
Viesgo. The Smithsonite is foimd associated with those quartz 
crystals, the latter being sometimes found imbedded in considerable 
abundance in massive white Smithsonite, almost wholly free from 
silica, in what were usually considered to be true lodes in the 
limestone. In some cases the deposits are, however, irregular, 
and generally thin out in depth, a circumstance which, joined to 
the great difficulty of getting access to them, rendered the works 
undertaken unprofitable. The ores are, however, very inter- 
esting, and form a necessary link of connection between those al- 
ready described and those found at Tresviso, in the valley of the 
Deva, and higher up among the Penas de Europa. 

However insigmficant the deposits or indications of ore 
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which we have been just noticing may be, they possess much 
interest when taken in connection with the mines of the 
Penas de Europa, and those less productive, but equally inte- 
resting ones of Tresviso, where, as has been ahready mentioned, 
the mmeralized dyke passes. The litde village which gives its 
name to the mines is situated at the western extremity of a 
narrow plateau which overhangs the mountain torrent alreadv 
alluded to as joining the Deva^near this point. The access is 
really diflGlcult, the escarpments of both sides of this wild valley 
being extremely steep. On the south side live oaks and beech 
trees clothe the almost perpendicular rock from near the brink 
of the torrent to the lofty peaks above, while on the northern 
side the less abundant vegetation seems to be continually menaced 
with destruction by the &Uing of detached blocks or fragments 
of rock from the heights. The great alternations of heat and 
cold to which this side is exposed nas produced at certain points, 
where the declivity approaches 45**, such an accumulation of 
ever succeeding fragments of rock as to form large bands of loose 
shingle and boulder^ extending from near the summit of the 
mountain down to the very stream. It can easily be conceived 
that such a surface, where the displacement of a single pebble 
brings down hundreds of others rolling and boundmg to the 
water's edge, offers no hold for roots, and renders the construc- 
tion of a road almost impossible. A wild zig-zag and very 
difficult moimtain path, hewn for the most part in the rock, and 
necessarily crossing two of those avalanches of stones, leads from 
the bank of the Deva to the village. The dyke already spoken 
of as traversing the bottom of the valley of tne Hermida can be 
distinctly recognized here ; and its association with ores at this 
point is quite distinct. Three different outcroppinss had been 
worked between the village and the point where tne dyke inflects 
itself before traversing the torrent. The first, situated a little to 
the west of the village, and near the northern jimction of the 
dyke with the limestone, presented, when visited in an inclined 
shaft of 6"- to 7"' in depth, white Smithsonite imbedded in 
a white crystalline quartzose rock of precisely the same nature 
as that described as existing associated with galena near the 
village of Linares, on the east side of the valley of the Hermida, 
and strongly resembling the associated quartz of the Dobra chain. 
Traces of copper were here distinctly noticeable as round green 
spots, a circumstance which is exphcable by the existence of a 
mine of gray copper in the neighbouring mountain. The shaft 
was sunk at the foot of a fine massive outcrop, departing from 
which indications of ore could be distinctly followed up along 
the surface to the next shaft. Here the indications of ore were 
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more extensive and more important, and were all observable 
along the southern contact of the dyke with the limestone. 
The principal ore extracted here was galena, of which large 
lumps were found isolated in a mass of white Smithsonite. The 
latter ore was, however, the predominant one, and seemed to 
continue in depth; in many places it formed a thick exterior 
coating on the vertical sunaces of the limestone joints. The 
shaft itself was continued irregularly to a depth of about 35"* 
following the joints or clefts of the limestone, which, at certain 
points, were quite open and free from any filling matter, thus 
presenting all the characteristics of pipe veins. The galena 
generally came out associated with quartz. From the appearance 
of the calamine in certain parts of this irregular shaft, little doubt 
could be entertained of its stalactitic, and consequently aqueous 
formation. The rarity of blende was remarkable; it however 
exists in the lode, being met with in the shaft most distant from 
the village to the east. This mine, known as the San Leonardo, 
had reached a depth of about 24°"*, and presented on all sides 
intermingled white Smithsonite, lamellar transparent blende 
and galena, each of those ores standing out distinctly from the 
white limestone rock, and contrasting &us most markedly with 
the corresponding classes of ores found in the mines nearer the 
sea. The blende predominates here as regards mass, a circum- 
stance which apparently is due to the rock not having so many 
fissures and vents as in the mine described above, through the 
agency of which the transformation into carbonate would have 
l^n facilitated. No quartz was noticed here, which leads to the 
supposition that in the other mines its presence was connected 
with the metamorphosis of the blende. 

§. 9. Description of the mines near Reynosa and in the valley of 
PoteSf or those of El Soto and Pico Jano. 

The river Besaya, which traverses the Dobra chain at Las 
Caldas, .opens a more easy approach to the main chain of 
the Cantabrian Pyrenees tlmn any other river of the province. 
Along its banks runs the principal line of commtmication 
with the southern provinces, both tne high road and the new 
railway of Isabella the Second following the windings of 
the valley as far as possible. Beyond Las Caldas the valley 
opens out for about two miles, though still encased by spurs of 
the main chain, which frirther on again close it in, forming thus 
one of the defiles or mountain passes, known here by the term 
hoz. The rocks here are entirely red sandstone, scarcely any 
limestone being met with along the river until near Reynosa. 
The main mass of the sandstone is red, although brown hues are 
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to be met with. • The rocks of both colours forming distinct thin 
beds of flagstone, at other times, as near Barcena, forming thick 
horizontal beds perfectly homogeneous, and remaikably well 
suited for building purposes, as is advantageously shown by its 
use in constructinff several bridges of the railway. The high 
road, which genersuly follows the incline of the river, here a real 
torrent, is very picturesque, and affords, ample opportunity for 
the study of the high precipitous banks. This is more particu- 
larly the case at the pomt known as the Hoz^ where commences 
the defile that only ends at the plateau of Reynosa, between 
800"- and 900™* above the sea. Not far from the entrance of 
the Hoz, traces of a copper lode, which at one period was even 
worked, may be noticed m the red sandstone which here over- 
hangs the river. Further on, and at about six miles from Rey- 
nosa, the underlying limestone beds crop out by the side of the 
road, and form a talus of broken rock at the foot of the over- 
hanging cliff, somewhat similar, although on a much smaller 
scale, to those of Tresviso, which affords a very convenient " road 
metal". The limestone is here, however, blacker than at Tresviso. 
From this point it may be traced on to Reynosa, always having 
the same physical character, and near the town is associated with 
a very extensive and apparently irregular deposit of mottled 
violet and gray clay, in which are imbedded masses of gypsum, 
generally saccharoidal in structure, and frequently rose coloured. 
The under part of this limestone extends itself over certain 
parts of the undulating ground which lies to the n.w., between 
Reynosa and the soumem crest of the mountain chain, being 
more or less irregularly dolomitised. Indications are met with 
here of calamine, blende, galena, and haematite, much resembling 
the ores found in similar rocks near the sea coast. They do not 
seem to be distinguished by any peculiarity from the red ores 
already described; the outcrops, when visited, appeared very 
insignificant. However, on proceeding farther on to the west, 
past the source of the Ebro, and towards the summit of the crest, 
a very interesting mine of copper is met with at a point called 

Of such copper mines but two of known importance occur in 
the province, the one just noticed, and another situated on a 
peak called Pico Jano, to the south of Potes, apparently in the 
continuation of the same chain of mountains. The lodes " del 
Soto" occur in a sandstone which immediately underUes the last 
described limestone beds, which dip here to the south at an angle 
of 20**, and crown the summit of me chain. The first beds of 
this underlying sandstone, with thin beds of clay intercalated, 
have a similar dip, while the lower beds, which crop out con- 
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tinuously down the side of the hill, exhibit a decreasing dip until 
the beds become nearly horizontal, and in these have been found 
the copper lodes. The sandstone itself differs lithologically from 
that already described as red sandstone, being more of a m*ayish 
hue, harder and more diflGLcult to work. Its texture woiud cor- 
re^ond more or less to that of millstone grit, or to that of certain 
beds of sandstone belonging to the coal measures, as they occur 
in the Asturian basin. 

In this rock have been discovered five lodes running nearly 
east and west, that is to say, parallel to the general direction of 
the chain of the Cantabrian Pjnrenees. Their dip, which is 
towards the north, is about 80**. The distance between the 
extreme lodes is about 80**** to 100"*, and their general thick- 
ness varies from 0*'50 to 0"'70. Being worked by an adit 
level, at the most 150"' long, driven in a northerly direction, 
no great depth from the surface was attained ; the ore which came 
out from the different levels was, however, perfectly well charac- 
terized as coi)per pyrites with a quartz gangue. Several of the 
lodes when visited yielded iron pyrites, mto which the rib of ore 
seemed to thin out completely in some cases — ^that is, the sulphide 
of copper diminished as deptfi was attained. The lodes had not 
been traced veiy far superncially, so that when visited no opinion 
could be formed as to their continuity in direction. No calamine 
or blende appears to have been met with. This circumstance is 
interesting when we take into account the close proximity of 
galena, blende, and calamine, indications of which have been 
abeady stated to occtlr in the dolomitic rocks situated between 
Eejmosa and the foot of the moimtain range. 

The copper mine of Pico Jano, abeady referred to, is 
situated on the summit of one of the moimtain peaks which 
surrotmd Potes. The approach to this town is by the valley 
of the Deva, which, encased on both sides, as already de- 
scribed when speaking of the Hermida springs, by the lofty 
overhanging mountains, continues to present nearly the same 
highly picturesque and interesting denle for about six miles 
beyond the Hermida. A bend in the river, or rather torrent, 
here reveals a change, not only in the exterior character of 
the coimtiy, but also in its physical constitution and natural 
products. At this point crop out the beds of slate clay and 
sandstone, which seem to underlie the great mass of limestone 
constituting the Pe&as de Europa. The erosive action of the 
torrent was naturally greater in those beds than in the lime- 
stone ; the result of ^mnx^ has been the formation of a valley 
running nearly e. and w., entirely shut in on all sides by high 
moimtains, and having but one practicable outlet to the surround- 
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ing country, that by the valley of the Deva. On the other hand, 
the beds of slate clay have furnished a soil of comparatively easy 
cultivation, even at points apparently inaccessible, and seem- 
ing peculiarly well adapted for the production of grain crops, 
and the culture of the vine, which has almost disappeared from 
the rest of the province. The protection afforded by the sur- 
rounding mountain chains seems to have an equally favourable 
influence on the climate, the variations of temperature being less 
violent than in the more level country, while the solar heat, so 
necessary for the vine, here acquires additional force and concen- 
tration. No more marked example of the intimate connection be- 
tween local physical conditions and the characteristics of the popu- 
lation could perhaps be offered, than that of the valley of Potes. 

To the N.w. of the valley stands out boldly the lofty, and here 
precipitous, chain of the Penas de Europa, in the deep chasms of 
which patches of snow may be observed to remain nearly the 
whole year, although, from their southern aspect, exposed to the 
heat of a Spanish sun, which the white surface of the enclosing 
limestone rocks render still more active. Nearly opposite them, 
at about five or six miles to the west of Potes, stands the Pico 
Jano, rising as it were out of the Deva, which flows at its base 
in a nearly e. and w. direction, and which has its source a couple 
of miles to the west, higher up in the vallej. The mountain path 
by which the ascent from Potes to the mme is made, passes con- 
tinuously over beds of slate clay and sandstone up to the highest 
point, wnere are found the indications of copper. The moun- 
tain juts out in the valley, presenting a narfow but comparatively 
level summit, whose length runs n. and s. The declivity towards 
the valley is formed by thick beds of quartz conglomerate, from 
imder which crop out apparently conformably beds of hard gray 
sandstone, sometmies passing to blackish gray, dipping to the 
north at an angle of 50**. 

Four out of five lodes have been found to converge towards 
one central point, situated at the summit, near its northern 
extremity. The first discoverers of the mine sank a shaft at the 
point of mtersection, but only to a very inconsiderable depth. It 
yielded, however, variegated copper pyrites, in a quartz gangue, 
so abundantly as to encourage the driving of an adit level 186"' 
long on the northern side of the mountain, so as to cut the 
supposed lodes at about 200"* below the surface. This was 
incomplete when last the works were visited, but had already 
furnished some indications of a metallic vein. 

The veins of quartz seem to traverse the valleys on either 
side of the Pico Jano, and outcroppings of ore have been found 
in the neighbourhood, but it is not positively known whether 
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tKey belong to this particular set of lodes or not. The similarity 
in several points tetween the characteristics of the Soto mine 
and those observed here, is extremely interesting, and hence a 
brief description of the Pico Jano mines was necessary to 
complete our sketch of the geognostical features of the minera- 
lized portions of the province. 

lY. Mineralogical structure axd chemical composition 

OF THE ores, with SOME REMARKS UPON THEIR MODS OF 
PRODUCTION. 

Having described in the foregoing parts the general geological 
features of the province, and the special geognostical conditions 
under which the ores occur, we propose in the following part to 
describe their mineralogical characters and chemical composition. 
We shall divide it into four sections, of which the first vnll be 
devoted to a detailed description of the structure of the ores of 
each set of mines ; the second, to an account of certain peculiar 
structures, of which we had occasion to observe the formation ; 
the third, to a statement of the results of the analyses of several 
ores ; and the fourth, to the conclusions which may be deduced 
from a studjr of the structure and composition of the ores, taken 
in conjunction with their mode of occurrence, regarding their 
mode of formation and probable relative^ geological age. 

§.1. Mineralogical description of the ores. 

Mines of Comillas. — The ores of the mines of Comillas, as we 
have described in the preceding part, consist of blende, Smith- 
sonite, and galena. The blende offers some interesting pecu- 
liarities : where it occurs in mass, it is highly crystalline and of 
a brown colour; this mass appears to have been subjected to dis- 
turbing forces which cracked it in various directions, after which 
it was resoldered by carbonate of zinc. Wherever cavities have 
been formed in the principal deposit, detached pieces of the ore 
are found partially filling them ; those fragments are angular and 
are connected together by carbonate of zinc. It does not form a 
compact breccia, but a clinkery cellular mass. The surfaces of 
the blende are generally reniform, and sometimes perfectly 
hemispherical masses occur. The section of the latter shows that 
each hemisphere consists of concentric shells of blende, with 
generally a very small hole in the centre, so that they seem to be 
the ends of stalactites. The reniform and globular masses are 
frequently coated by a concentric layer of sulphate of barytes, 
th€ external surface showing crystals of that mineral, which are 
pseudomorphites of calcite or bitter spar. Sometimes the coating 
of sulphate of baryta is quite friable and crumbles into powder, 
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consisting of small prismatic crystals. Others of the reniform 
and globular masses have their surface covered with a multitude 
of small crystals of blende, having exactly the appearance of 
having been precipitated from a solution upon a projecting ob- 
ject. Sometimes these small crystab are covered over by a thin 
film of crystalline carbonate, which acts as a cementing material 
to the fragmentary mass, and which frequently forms thin par- 
titions, not thicker than paper, running through the spaces left 
between the cemented angular fragments. Occasionally these 
films form small shallow cups or trays, containing small crystals 
of blende, similar to those coating the globular masses ; the tray 
ofi«n contains only a few crystals of blende, resting upon the 
points of carbonate of zinc, forming the almost invisible asperities 
upon the surface of the films ; at other times it is quite fulL In 
either case one of them looks like a capsule in which crystals 
have crystallized out of a solution. In one instance, minute 
cubes of galena, some resting in the interspaces of crystals, and 
others on the points of the blende crystals, were found. In one 
characteristic hemispherical concentrically formed knob, small 
cubes of galena were disseminated through it. This specimen 
had all the appearance of a stalactite. The concentric shells are 
indicated usually by an extremely thin line of a light brown 
colour, which examination with a lens showed to be slightly 
ferruginous earthy carbonate. In one case the line had become 
a wefl marked brown ring 0"*0015 thick, composed of inter- 
mixed brown carbonate and blende. It seems as if it had been 
deposited as carbonate, and was gradually converted into blende. 
The small crystals found in the cups are apparently twins of tetra- 
hedrons, the facets being extremely sharp and the cleavage easy. 
The massive blende, the small crystals in the trays, and those 
coating the surface of the massive blende, are found decomposed. 
When the latter two decompose, they leave an orange ochreous 
powder, through which the decomposing blende is seen by means 
of a lens coming through in points, and exhibiting a curious 
caries of the surface and edges. Mammillated, globular, and re- 
niform masses are found converted in whole or in part into car- 
bonate ; sometimes a coating is formed on the surface of a mamma 
exhibiting the imprints of the crystals underneath ; in others the 
change of blende into carbonate has proceeded a considerable 
way m; and in others again all trace of blende has disappeared, 
and the mammilated mass is then composed of an agglomerate of 
fine crystals, which are disposed more or less, eiK)ecially in the 
mammae, in a radiated form like the original blende. Masses of 
this kind are quite porous, like an extremely fine sponge, proving 
that a considerable quantity of the original mineral had been 
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carried away. Even the massive blende appears to have a glo- 
bular structure, by the way in which it decomposes concentrically 
into earthy ferruginous Smithsonite. One specimen of this kind 
shows the conversion of blende into earthy carbonate in a most 
beautiful manner; it is a segment of what must have been a 
large mamma or stalactitic knob ; at the point which represents 
what would have been the centre of the mass when complete, 
it is composed of friable hydrated peroxide of iron, contaming 
traces of basic sulphate of iron, which shows that it is the result 
of the decomposition of a nodule of pyrites. Around this is found 
compact unaltered brown blende, very transparent in small frag- 
ments, but becoming duller towards the outer margin; a number 
of fine concentric rings of pale brown carbonate may be seen on 
the planes of section, as if the alteration took place along the 
concentric surfaces of shells of the blende. On examining the 
dull part of the blende with a lens, the dulness is found to arise 
from a mixture of blende and carbonate, the former oxidizing 
apparently along the cleavage planes. Outside all is a concentric 
snell of earthy light brown Smithsonite, which is quite friable on 
the outside, but a little harder inwards. 

The Smithsonite when massive is saccharoidal, and not im- 
like, at first sight, many specimens of fine grained crystalline red- 
dish dolomite ; the greater part of it is, however, exceedingly 
cellular, or even cUnkery. The cells are sometimes perfect 
druses, coated with small barrel-shaped crystals of carbonate of 
zinc ;" in others, they are covered witn a characteristic fine orange 
ochre, of which we shall have something to say hereafter ; while 
in others again, a fine black spongy tissue of ferruginous oxide 
of manganese is found partially filhng up small irregular cavities. 
This black matter is sometimes foimd filling up small cubical or 
square prismatical hollows, the angles of which are sharp, and 
are apparently the spaces left by crystals of galena; such crystals 
are indeed still found disseminated through the mass of red cala- 
mine. The black matter appears like a fine spongy net-work, 
completely filling up the hollows, and which, when examined with 
a powerful lens, is found to consist of a vascular tissue composed of 
mmute tubes of oxide of manganese, which are perpendicular to 
the bottoms of the hollows, and consequently parallel to one of 
the planes of cleavage of the galena. 

Some of the druses (many of which are often a foot or more in 
diameter) are coated with the characteristic barrel-shaped crystals. 



" None of the crystals in our possession are of sufficient size or perfection to 
enable us to obtain satisfactory measurements of the angles. We have hence 
given no crystallographic details in the present paper. 



Digitized by VjOOQIC 



86 Mineralogical Description of the Ores. 

but of an orange or yellowish brown colour, so as to look like 
eisenkiesel ; the crystab evidently contained some of the ochre 
disseminated through them, which is found as an efflorescence 
upon others. Sometimes the crystals have a peculiar black colour, 
and when examined with a powerful lens, appear cariated in a 
curious way, the black matter which was found to be oxide of 
manganese being deposited in the caries of each crystal. This 
curious phenomenon is obviously connected with the tubes of 
manganese, filling the moulds of the galena crystals described 
above. 

Small crystals of white transparent and smoked carbonate of 
lead are likewise found in the geodes of the carbonate of zinc. 
They never form a complete coating, but are often numerously 
sprinkled over the surface or lining figures and small depressions 
in the surface of the geode. On the water-worn surface of one 
specimen of Smithsomte containing prisms of carbonate of lead, 
gmm. lon^, some being attached to the surface, and others im- 
bedded m the mass, are numerous points which look like the 
rhombohedral terminations of hexagonal prisms, or rhombic 
dodecahedrons. They have the lustre of blende, and are evidently 
undergoing decomposition, the black matter being deposited as in 
the other cases. 

Some of the red Smithsonite is exteriorly somewhat friable, 
the inside being hard and filled with disseminated transparent 
particles of blende ; where the latter decay out, the mass becomes 
very finely cellular on the surface. These masses look like a 
conglomerate of blende and Smithsonite, such as would be pro- 
duced by the crushing together of a mass of undecomposed blende 
and Smithsonite derived from the oxidation of blende, and the 
subsequent cementation tmd alteration of the crushed mass by 
the passage of water through it, holding carbonate of zinc in so- 
lution. 

In some of the geodes of the massive calamine, white translu- 
cent opalescent, faint blueish white pear-shaped drops, and flat 
small mammae coat the surface. Similar forms are found at 
Merodio; and as their formation affords an explanation of the 
mammillated, reniform, and botryoidal structure of minerals, we 
shall devote a separate section to the special study of those and 
analogous structures. Sometimes the surface of the blende, and 
especially the cups full of blende crystals, are dotted with very 
small warts of white zinc bloom, or zmc bluthe. 

In pockets outside the principal lode silicate of zinc is found. 
This ore, which occurs in thin flag-like plates, is exceedingly 
compact, of a brownish red colour. The fracture across those 
plates is somewhat earthy, and not unlike that of fine-grained 
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dolomite. On the north side of the principal lode, hard crys- 
talline stalactites of carbonate of zinc, containing more or less 
silicate of zinc, were found. 

Mines of Ciguenza and Oreha, — (a.) Emilia Mine. — The 
blende found at the Emilia is very simikor to that of the Florida, 
which will be described further on ; it occurs in a vein lined by 
very thin plates of barytes, and has a structure exactly like the 
radiated blendes of the Venta, only that here the crystals appear 
to be arranged as if at right angles to the walls of the lode. 
Sometimes the blende and dolomite pass into each other so com- 
pletely that it is difficult to determine their limits ; the fine joints 
of the former are filled up by barytes. 

The joints of the dolomite are coated with drusy crystals of 
calc spar, chiefly the variety known as " nail heads", and with 
small rhombohedrons of bitter spar. The Smithsonite is red, 
dense, and highly charged with galena, but contains no carbonate 
of lead, and in certain parts of the lode passes into perfectly 
dolomitic carbonate. Some of the latter is found coated over 
with pseudomor{)hic crystals of sulphate of barjrtes after bitter 
spar, which are in turn coated witn a rust-like coating of hy- 
iated peroxide of iron. Beautiful opalescent lachrymae of 
carbonate of zinc occur upon some specimens ; others are coated 
with a complete envelope of mammillated white semi-translucent 
carbonate of zinc. 

(6.) Vicenta Mine In the nearly vertical joints of the dolo- 
mite, a hard, clinkery ferruginous calamine forms a kind of lode 
in ochreous clay ; in depth this becomes dense red dolomitic ore, 
full of druses wherever it happens to be thick enough ; in some 
thin veins the carbonate of zinc passes into haematite. The 
druses are entirely coated with crystals of Smithsonite, and, in 
some cases, with warts of zinc bloom, and the former in turn by 
a fine layer of silicate. Botryoidal lachrymae also occur in the 
druses associated with zinc bloom. 

Mines of Eeocm Three kinds of ore occur here: 1. Massive 

red carbonate, found in a bed replacing, as it were, dolomite ; 
2. Small nodules mixed up with ochreous clay in the bottom of 
the valley; 3. White calamme, found in the imderlying limestone, 
but in immediate contact with the dolomite. Tne massive red 
ore contains a considerable quantity of water; and stalactitic 
masses of it occur in the mine, which have exactly the structure 
of compact calc sinter. In the marly limestone, immediately 
underlying the dolomite, grayish white concretions of carbonate 
of zinc are found, the results of an analysis of one of which will 
be given at page 104. Some peculiar fossil-like concretions found 
in the same bed have the same composition. 
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Florida Mine. — Gbdena, blende, and pyrites are here associated, 
and are all three simultaneously decomposed, giving carbonate 
of lead, which is found in large tranroarent crystals, calamine, 
traces of hydrocarbonate of zinc, and Drown haematite, derived 
from the pyrites ; thus affording a beautiful example of the passage 
of sulphides into carbonates. Earthy phosphate of lead also occurs 
like a kind of mould upon some specimens. 

Galena occurs in a very chuacteristic form, consisting of 
globular masses, which consist of concentric shells exactly like 
me blende of Stas. Lucita and Felix ; some of the specimens ' 
appear to have been distinctly formed around a nucleus, which 
in one case was blende. The cleavage planes of the galena pass 
through the shells, and are so distinct m the outer one, that it 
looks as if it was foliated. The solid of cleavage is not, however, 
a cube, but is distinctly rhombic, as if it had been subjected to 
tension during deposition. One specimen of this galena shows 
two tangent spheres or kidneys, the planes of contact being 
beautifufly shown by the obUque intersection of the cleavage 
planes of each sphere. The central nucleus of blende in those 
spheres gradually passes almost insensibly into the galena, so that 
it is impossible to mark a line of junction; the outer layers 
appear, nowever, to be perfectly pure galena free from silver 
or zinc. 

The blende of Florida is also spheroidal, and exhibits con- 
centric layers, some of the decomposing masses still containing 
undecomposed blende being even pisohthic. No specimen of 
true globular blende has, however, been found ; the masses are 
rather stalactitic, mammillated, and sometimes almost completely 
reniform. 

Ore occurs in fissures occupying planes of bedding, forming 
what may be called '* flat veins" ; in the pockets of those veins 
a curious silicate of zinc occurs, consisting of irregular masses of 
a globular structure, sometimes forming beautifrd botryoidal 
bimches. The globules were nearly uniform in size, the largest 
being about one centimetre in diameter, and consisted of radiat- 
ing prisms of a brownish yellow colour. A ftiller description and 
the results of its analysis are given at p. 116. In the pockets of 
the same class of veins near the surface a clinkery reddish brown 
silicate of zinc occurs, which appears to have a somewhat ana- 
logous composition to the globular mineral just mentioned. A 
fflreat deal of oxide of iron is associated with the zinc ores of La 
Florida, and in some cases the zinc seems to disappear, and 
to be replaced by iron as at OreSa. This oxide of iron is derived 
in part nrom the decomposition of pyrites, which is foimd here, as 
we nave above mentioned; a part of the oxide of iron is, how- 
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ever, in combinalion with silica, fonned perliap by the action of 
a solution of disiHcate of zinc u]^n sulphate of protoxide of iron. 
The carbonate of zinc of Flonda is massive, of a reddish colour, 
and very dolomitic looking, and subciystalline. A net-work of 
colourless crystalline lines runs throura a good deal of it On 
dissolving a piece of it in chlorhy&c acid, a honeycomb of 
crystallized sulphate of barytes was left behind, almost identical 
with the similar crystalline nets which are formed by the springs 
of Bagneres de Luchon, and which even exhibit the same 
faces, oopQo,Poo,QoP2,ooP4,pQO (Naumann) or PM,a",a*,«* 
(Dufrenoy). M. Dufrenoy does not give this combination ; of all 
those which he gives, the one represented by figure 80 of the 
second edition of his TraiU de Mineralogies &om the lead mines 
of Freiberg, approaches closest to it. This would be ooPoo ,Poo , 
ooP2, (»P5,Poo , oP (Naumann), PM,a",a*,«V (Dufirenoy). 
Hauy, in the second edition of his TraitS de Mineralogies de- 
scrities a combination (PI. 35, fig. 24) which has the same faces 
as the Florida crystals, except that Poo or M is almost obliterated 
by the truncating facets ocp2, oop4. Poo or a^s<^^s wid «^ while 
these are but slightly developed on the Florida crystals. As 
Haiiy does not describe the locality from whence this form 
came, we do not know whether the circumstances under which 
it was produced were analogous to those of the springs of 
Bagneres de Luchon. Traces of phosphate of lead occur on the 
decomposing surfaces of some of the Florida carbonate of zinc, 
but always m small quantity and only as an earthy efliorescence. 
Mines of the valley of udias, — ^The minerals of zinc from the 
^oups of mines at both sides of the valley of Udias, belong prin- 
cipally to three kinds: 1. carbonate or Smithsonite ; 2. calamine 
proper, or disilicate; and 3. a peculiar hydrocarbonate. The 
carbonate and silicate are found more or less associated, and 
often so intimately mixed up that it is impossible to separate 
them practically. The hydrocarbonate and silicate are still more 
intimately associated, and, as we shall see hereafter, also often 
combined. The carbonate or Smithsonite has the same general 
character in all those mines as it has at Comillas ; it is therefore 
unnecessary to repeat the description already given. We have also 
stated that the general character of all the mmes of the valley of 
Udias is the same, so that here also it will only be necessary to 
describe the minerals, only specifying the mine in which any 
particular one was found, whenever it happens to be peculiar to 
one or more mines, or that its mode of occurrence offers some 
.special phenomena. 

At the San Roque mine a very curious tufaceous-looking ore 
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is found, which is sometimes externally white, but more fre- 
quently of a dirty grayish colour, sometimes passing into a 
grayish yeUow brown or chocolate colour. Lumps of it are 
most irregularly shaped, and look as if it had been acted 
upon by water, and worn into channels and cavities, which 
are filled with a yellowish brown highly soapy clay. These 
masses are often almost whoUy comjyosed of a pale brown 
silicate, which weathers yellowish white; but generally they 
contain lumps of a white anhydrous carbonate, which is exactly 
like some specimens of calc sinter. Other lumps, again, consist 
in great part of the carbonate, and have only a comparatively 
thin shell or envelope of the brown silicate. At the Esmeralda, 
the silicate occurs in compact n^iassive stalagmidc flag-like or 
platy brown subcrystalline silicate, not unlike that vmich we 
nave described as occurring in the flat veins of Florida. 

The association of hydrocarbonate and disilicate of zinc may 
be noticed at all the mines, but may be most characteristically 
seen at Dolores and San Bartolome. At the latter we have 
considerable masses of reniform white ore, consisting of alterna- 
tions of transparent fibrous disilicate of zinc with white opaque 
hydrocarbonate, the prismatic needles of which the shells of 
silicate consist, being perpendicular to the periphery of the shell, 
that is, radiating firom the centre of the globular mass. The 
hydrocarbonate is found in great masses, consisting of successive 
layers of perfectly pure white mineral, which formed the floors 
of caverns such as that of Dolores, in which the fossil bones were 
enveloped. Fine cracks nm through the mass, the walls of which 
are sometimes seen covered with a chocolate brown organic film 
when the mass breaks along those incipient joints. In some 
cases the surfaces of the layers of deposition are covered with a 
similar brown deposit, which is also in part ferruginous clay: 
where this occurs, the ore is quite fissile, and the surfaces some- 
times exhibit fine ripple markings. The white ore must have 
been deposited in water as a precipitate, over the surJ&xie of which 
the supernatant liquor must have remained for some time, until 
the precipitate consolidated. Sometimes, however, the water 
must have drained off* rapidly while the precipitate was still 
quite gelatinous, so that, on rapidly drying, it formed a light, very 
porous mineral, the suriface of which became wrinkled by the 
shrinking of the mass as it dried. In other cases a small hollow 
must have got filled with a solution in which a precipitate was 
formed, and out of which the supernatant liquid must have 
drained, as from a filter in a funnel, leaving a very friable porous 
white mass like certain kinds of mountain meal. 

The hydrocarbonate also formed stalactites consisting of con- 
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centric shells, the surfaces of contact often exhibiting beautiful 
dendrites, due to oxides of manganese and iron. It also 
formed a beautiful coralline arborescence, almost undistinguish- 
able at first sight iromflos ferri Arragonite. Sometimes a small 
stalactite of hydrocarbonate became subsequently encased by a 
deposit of translucent white Smithsonite. 

Another form in which the hydrocarbonate occurs, is, as a 
kind of conglomerate, often cellular, consisting of worn bean-like 
fragments, soiled with ochreous clay and cemented together. 
This kind, which appears to have formed the rolled pebbles of a 
stream, was only met with in the cave of Dolores, and lay be- 
neath the fine mud in which the fossil bones were enveloped. 

Masses of pure white hydrocarbonate are ficequently foimd 
covered or irregularly mixed with fibrous transparent silicate ; 
and the latter is got several inches thick, consisting of successive 
layers, but there always appears to be an exceedingly fine part- 
ing of hydrocarbonate between each layer, and sometimes a layer 
is quite opalescent from the interposition of hydrocarbonafe be- 
tween the fibrillae. This intimate mixture of the two has an in- 
teresting bearing on the question of the composition of disilicate 
of zinc, as we shall show hereafter. 

Sometimes the hydrocarbonate is found to coat the opposite 
walls of a narrow joint or plane of bedding; the surfaces get 
warty and covered with small crystals of silicate, the warts in- 
crease so as to produce miniature stalactites, which ultimately 
reach the opposite wall or floor; the silicate continuing to be 
deposited sometimes fills up the greater part of the space between 
the walls. The hydrocarbonate first deposited was often perfectly 
laminated and became fissile ; in this way the weight of the 
warts and miniature stalactites broke oflf sheets of mineral from 
the roof of the joint, which fell until the ends of the stalactites 
came in contact with the floor. The upper surface, which was 
a plane of lamination, now constituted a new beautifully smooth 
floor, upon which a coating of silicate was formed and new stalac- 
tites descended. 

Another, though not so common a form, is where the hydro- 
carbonate is found filling up a narrow joint, as a dendritic spongy 
mass, exactly like the cafe sinter, which is formed as a kind of 
pseudomorphite of moss, especially of species of Sphagnum. 
This variety looks as if it had been formed in an open fissure or 
cleft filled with moss, and, except in material, is undistinguishable 
from the coiTCsponding pseudomorphites in carbonate of lime 
found in joints of limestone in the neighbourhood of rich springs. 

The hydrocarbonate of zinc also occurs perfectly globular, 
some specimens being beautifully pisolithic. The balls are fre- 
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quentl^ as round as if turned in a lathe, and are composed of 
successive shells which are often faintly tinged by organic matter 
or oxides of iron and manganese at the surfiuse of each shell; 
many have been found 4 to 5"^* in diameter, some are flattened 
or spheroidal, and in general the large ones are so. The circum- 
stances under which spheroids of this kind are found will be fuUy 
described in the next section. 

Peculiar combinations of hydrated disilicate and dicarbonate 
of 2dnc, which will be more fully described hereafter, are found 
associated with hydrocarbonate of zinc, of the form which we 
have been just describing. These combinations are of two kinds : 
1. beautifully white porcellaneous hard balls, the surfaces of some 
beii^ highly polished and nacreous, which are usudly agglome- 
rated together by a paste of a similar composition, and pieces of 
which, when the balls fall out, form a number of exquisitely 
formed hemispherical cups. These balls vary from 1"™* to 60™"* 
in diameter, and are always composed of concentric shells. 
Pisolithic masses of these shells are found in white ore, some- 
times irregularly distributed, but often filling cup-like depressions. 
At the San Bartolome mine, thick laminated masses ot a porcel- 
laneous compoimd similar to these balls are found, and also some 
large, more or less renifoim masses composed of thin concentric 
shells, about 1"^ thick, coloured on the surfaces by oxides of iron 
and manganese, and by organic matter of an ochreous, olive 
green, brownish gray, or reddish brown colour, and frequentiy 
separated by fine partings, like tissue paper, of translucent diok- 
cate of zinc, consisting of extremely short prisms whose length 
IB equal to the thickness of the film ; the surfaces of the films, 
being consequently formed by the ends of those crystals, are 
covered with fine asperities. Large shells of tiiis kind are not 
commonly met with. 

The hydrocarbonate is always earthy, like all precipitated 
carbonates, but in one specimen from San Bartolome, which 
seemed to be the end of a stalactite and consisted of distinct 
shells, some of tiie layers were distinctly fibrous, exactly like the 
disilicate, the fibriUse being perpendicular to ihe penphery of 
the shells. We did not find the core, and cannot therefore 
say whether it had been hydrocarbonate or some other mineral. 
Tne outer surface was covered with small warts, showing tiiat 
the conditions of growtii had changed after the formation of tiie 
outer layer. The specimen seemed to have been a pseudomor- 
phite of the disilicate. 

At San Bartolome opaque white carbonate of lead in adcular 
crystals occurs. These needles are arranged in spheroidal masses, 
some of which look as if formed of successive layers of radiating 
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crystals, about a nucleus of some mineral, which, in our specimen, 
has disappeared, leaving a fine blackish brown film lining the 
inside of a small irregular hollow. Sometimes it would appear 
as if the mass consisted of twin globular masses like those of 
galena already described. Thii^ remarkable ore is found in the 
clay which occupies a part of the lode, and appears to have been 
worked for in Roman times. 

Mines of Puente Arcs. — ^The carbonate of zinc, or Smithsonite, 
from this locality, is somewhat pisolithic and peculiar ; the glo- 
bides and paste contain much oxides of iron and manganese, the 
farmer containing, however, much less than the latter. Many of 
the globules appear as if they were transitions between lachrymae 
and crystals ; the ends of the crystals appear to have the faces of 
a rhombohedron, and rhombohedral crystals of carbonate of iron 
occur in the zinc ore. Fine specimens of pseudomorphic 
GcBthite after coxcomb pyrites are foimd on some specimens of 
Smithsonite, which are mottled white and brown, as if the ore 
firom which the carbonate was formed, consisted of an intimate 
mixture of blende and pyrites. 

Mines of La Dohra and Puente Viesgo. — The blende of La 
Dobra, near Puente Viesgo, is made up of so intimate a mixture 
of blende and Smithsonite, that in some specimens it would be 
difficult to say which predominated. Carbonate of lead also 
appears to exist in this mixture. The carbonate of zinc exists in 
stellated globular or hemispherical forms, not more than !""• in 
diameter. Red spots, as if a fine red powder had been lightly 
sprinkled upon it, is found upon the fresh surfaces of this ciuious 
mixture of blende and Smithsonite; this powder appears to be 
cinnabar. 

The veinstone of the galena in the Dobra is almost identical 
with that at Tresviso, to be described presently: it is chiefly 
sulphate of barytes, which has replaced carbonate of lime. 

At Puente Viesgo, the Smithsonite is white, or grayish-white, 
cellular and stala^odtic, like that of Merodio, to be described 
hereafter. The gSena is blackish-gray, and extremely like some 
specimens of blende ; the two minerius are so intimately mixed^ 
that we could not find among the specimens which we have, a 
single one of either free from the other. The veinstone is a 
hignly indurated white limestone, mixed with sulphate of barytes 
and calc spar, sometimes crystallized in scalenonedrons of the 
same kind as those found at Merodio. The blende appears to 
have been in great part decomposed; the galena has also under- 
gone decomposition, earthy carbonate of lead, or cerrusite of a 
white colour, or sometimes tinned red, being frequently formed; 
the galena and cerrusite occur m pockets. The red colour of the 
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carbonate of lead is due chiefly to the presence of a ferruginous 
clay which accompanies it, somewhat in the manner of a gangue. 
In this clay doubly terminated quartz crystals, usually clouded, 
are abundantly found; in the interior the quartz is slightly 
smoked and transparent, the clouding or white opaque part 
forming a shell, which is evidently due to the metamorphic action 
of water. Nodules of oxide of manganese vrith mammillated 
depressions in them, as if they had been formed upon the surface 
of mammillated zinc ore, are also found full of imbedded quartz 
crystals of this kind. Nodules of haematite, coated with pseudo- 
morphic sulphate of barytes, after bitter spar, are also abundant. 
Some specimens of the cerrusite contain traces of earthy cinnabar, 
or native vermillion. 

A green soapy indurated clay, which on exposure to the air 
decomposes into a highly plastic pipe-clay like earth, occurs in 
very thin plates among the joints ot the limestone in the neigh- 
bourhood of the lode, and not more than 400"* from the hot 
springs of Puente Viesgo. 

At Racines a curious conglomerate of pisoKthic haematite, car- 
bonate of zinc in lachrymae, of the kind to be described in the 
next section, and clay, etc., occurs. In the same locality is like- 
wise found another curious conglomerate of galena, sandy clay, 
and some earthy manganese. 

At La Cabada the blende is very dark coloured, but the quan- 
tity of iron in it is not greater than in other blendes of the 
district ; the dark colour appears to be due to lamellar structure. 
The mineral is divided by a number of fine joints or cracks, 
which are completely filled up by crystalline sulphate of barytes, 
which is likewise found as a pseudomorphic veinstone after 
calcite. Scarcely any calamine is found at the Cabada. 

Mines of JHerodio. — The veinstone at Merodio was originally 
calc spar, enveloping blende, and largely crystallized in scaleno- 
hedrons, most of which are now converted into carbonate of zinc. 
Massive pieces of pseudomorphic Smithsonite, in the form of the 
" dog tooth" grouping of the scalenohedrons, are found completely 
enveloping beautiful garnet coloured blende, which in small frag- 
ments IS sublransparent. One of those pseudomorphites having 
the form of a scalenohedron (the metastatique of Haiiy, cP of 
Dufrenoy, and S, of Zippe), although not quite half a full form, 
measures O*"* along the terminal edges, which are very well de- 
fined, though slightly rounded. It is a shell of from 3"^- to 5"*"- 
thick, of semitranslucent Smithsonite, which is partly filled up 
with a warty ttifaceous mass of the same substance. The inner 
side of the shell in the part not filled up, is covered with a num- 
ber of small warts. Wnenever one of those more or less hollow 
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pyramids is unbroken, a small hole may be observed in the end 
where it is broken off from the wall of the druse : through this 
the lime was removed and the tufaceous zinc introduced. A 
similar hole may often be seen in large crystals of felspar, which 
have been decomposed in the inside, or in a tooth m an early 
stage of decay. 

The chief characteristic of the Merodio Smithsonite is the de- 
velopment of mammillated and reniform structure. The mineral 
is sometimes semi-translucent and calcedony-like, that is white, 
with a faint opalescent blue tint, and was deposited in ex- 
tremely thin layers. Lumps of white granular limestone are 
sometimes enveloped by coatings of it ; the limestone appears in 
some cases to have been removed subsequently, leaving a hollow 
of an irregular shape, containing only a small quantity of clay. 
Some of the successive layers of this semi-translucent Smith- 
sonite have a radiated structure like silicate of zinc. The main 
mass is, however, a compact homstone like Smithsonite, the 
surfaces of which are beautifully mammillated ; the part forming 
the mammae is frequently tinged yellow, and sometimes is bright 
lemon yellow. Occasionally pieces are found consisting of suc- 
cessive layers more or less mammillated, and of a leek green 
colour, and sometimes of a darker shade ; the green portions are 
crystallized in aciculax crystals, which form fibrous layers, and 
the ends of which are formed by three faces of a rhombohedron. 
Under a layer of these acicular crystals were found in one specimen 
curious fan-shaped groups of silver white talc, exactly hke plu- 
mose mica. From their position there could be no doubt of their 
having been formed at the same time as the zinc, and therefore 
from solution. 

The homstone like compact Smithsonite, is frequently full of 
imbedded small quartz crystals, some doubly terminated and 
smoked; the larger number are not, however, quite perfect at 
one end, and only very slightly smoked : they resemble, how- 
ever, verjr much those of Puente Viesgo above mentioned. 

Sometimes the mineral is more or less scoriaceous, the cellular 
surfaces being always mammillated or covered with opal-like 
lachryniae, of which we shall have more to say in the next 
section. Dense white, more or less foliated Smithsonite, very 
like that found at Andarra, in the Penas de Europa, and which 
has a perfectly earthy fracture like the hydrocarbonate, is also 
found here. 

Silicate of zinc, much resembling the calcedony, like Smith- 
sonite, and sometimes coloured blue by silicate of copper, like- 
wise occurs, but not in large quantity. Druses lined with crys- 
tals, as at Comillas, are not found ; any deposits formed on their 



Digitized by VjOOQIC 



96 On the Mammillated^ Reniformy 

walls consist of lachiymaB or mammas. Gralena does not occur 
at Merodio, but traces of sulphide of copper are found. 

Mmes of Tresviso — The blende of Tresviso is massive, of a 
dark reddish brown colour, though in fragments it is like common 

ret and subtransparent. Galena is found scattered through 
blende, but so distinctly segregated, that the mine was 
worked for lead. The veinstone is a compact white Jurassic 
looking limestone, which has been partially converted into sul- 
phate of barytes in the portions inmiediately in contact with the 
blende. Smithsonite is likewise found here, and is perfectly 
like that of Merodio, so that it is needless to repeat the descrip- 
tion above given. 

Mines of the Penas de Europa — Lamellar crystallized blende 
of great purity and perfectly transparent, even in masses several 
inches thick, is found at Andarra and Pena Vieja; the colour 
varies from very pale lemon yellow to beautifiil garnet red. 
This beautiful blende is found in all stages of decomposition into 
earthy white Smithsonite. The weathering takes place along 
the planes of cleavage, which are distinctly marked by the 
lamellar structure. Pieces of white Smithsonite formed in this 
way are found with a nucleus ^of amber yellow blende. The 
Smithsonite is sometimes finely granular and crystalline, at others 
compact with an earthy fracture, and lastly earthy like chalk. 
The first two are usually of a pure white colour, but sometimes 
having here and there a pale lemon yellow or rose tint; the 
latter is occasionally further developed into points of earthy 
cinnabar. The earthy Smithsonite hi^ usually a very pale ochre 
tint, and some specimens are associated with earthy cinnabar or 
native vermillion. 

§. 2. Observations on the mammillated, reniform, globular^ and 
botryoidal structure in minerals. 

While the forms of individual crystals are carefully studied, 
every new face, however embryonic, noted, and the crystallo^u- 
phic laws which govern the union of two or more of them in- 
vestigated, the special structures and configurations, which are 
either the direct result of those crystallographic laws, of at least 
are influenced by them, do not receive mucn attention. A bare 
glossary of terms, with an explanation of their meaning, is 
generally all that is to be found m most books on miueralogT or 
geology upon the subject; indeed, we know of no book which 
has collected together the scattered observations which have been 
made upon the causes or manner of formation of the different 
kinds ot structures and configurations. And yet those structures, 
when properly studied, afford us oflen the most complete evidence 



Digitized by VjOOQIC 



Globular^ and Botryoidal Structure. 97 

of the character of the chemical changes by which the minerals 
were produced : they are indeed to chemical changes, to a certain 
extent, what fossil plants and animals are to vital changes. The 
only branch of the subject which has been at all studied, is 
pseudomorphosis, for the phenomena included under that term be- 
long to the class we are here discussing, and &om the light it has 
helped to throw upon geological changes, the aid which the 
complete study of the whole subject may afford to geological 
theories may be judged. Many of those structures and configu- 
rations may no doubt be produced in different ways, and conse- 
quently, whenever an opportunity presents itself of observing the 
mode of formation in any particular way, advantage ought to be 
taken of it to add to our knowledge. The zinc mineraJs which 
we have examined have afforded us instructive examples of the 
developement of certain structures, in which fortunately all the 
stages could be traced. 

In the geodes of the main mass of carbonate of zinc, from Stas. 
Lucita and Felix, we noticed some very curious oval and some- 
times pear-shaped drops or lachrymae of white translucent mineral, 
the surface of which had a peculiar satin lustre, not imlike that 
of beads of satin spar, or white fibrous sulphate of lime ; they 
were often not bigger than a good-sized pin's head. Each 
lachryma appears to have generslly formed upon the apex of a 
crystal or otner projecting point, and to have arisen n:om the 
oozing of drops of water saturated with carbonate of zinc from 
the surface of the rock. The drop was not heavy enough to 
overcoiile the adhesion to the surface and to fall, but it became 
elongated so as to be attached to the roof only by a mere point. 
Whenever the evaporation was considerable, the solution became 
^latinous, that is, whenever the amount of water in the solution 
did not much exceed the quantity which the substance in solu- 
tion woidd retain in its colloid or gelatinous state. An essential 
condition in the formation of these drops is, that the walls be 
more or less dry and the solution strong at first, and that there 
be here and there points on the surface, so that the water which 
may ooze in should become spheroidal, and not run out into a 
mere thin film. When a geode is full of water, and the walls 
thoroughly wet, no lachrymae can be formed ; but, on the other 
hand, Siis is the condition favourable to the formation of crystals. 
When the solution was not strong enough, that is, when there 
was more water than could be retamed by llie substance after it 
had gelatinized, the substance began to pass into a crystalloid 
condition. We have examples of lachrymas in this incipient state, 
when the curve of the drop begins to become two or more planes. 



Digitized by VjOOQIC 



98 On the MammiUatedy Reniform^ 

The passage of a substance fiom the colloid to the crystalloid 
state seems to show that when a body dissolved in water is about 
to assume the solid state, it first becomes spherical, that is, it 
takes the form of a polygon with an infinite number of sides, 
tlie edges and angles of which are gradually truncated, until two 
01 three planes only are left. Some substances have a greater 
tendency to be separated from a solution in a colloid state than 
others ; thus, carbonate of zinc is generally precipitated gelatinous, 
whereas nearly all silicates of zinc are thrown down crystalline — 
or, if colloid at first, become crystalloid gradually. Substances 
which cannot exist in a colloid state — and they appear to be bodies 
which either do not form any combinations with water, or which 
form a few very definite ones, while colloid ones form an un- 
limited number of unstable compounds — cannot produce reni- 
form, globular, or botryoidal masses. K a substance whose 
colloid state is more or less stable, and whose commonest crys- 
talline form has equal, or nearly equal, axes, forms lachrymae 
which tend to become crystalline, the change into the crystalloid 
state appears not to proceed beyond an incipient stage, by which 
the embryonic edges are represented by waved unes on the 
surface of the drops, giving rise to satin, silk, and mother-of- 
pearl lustres. If, on the other hand, one of the axes be= oo, 
that is, if the substance crystallize in a prismatic form, and if the 
other axes are equal, or do not differ much in relative length, so 
that the particles will not have to undergo much unequal com- 

Sression, but can arrange themselves in lines of molecules, we 
ave the fibrous structure. If the crystallization takes place after 
the substance has separated in a gelatinous form, as lachrymae, 
mammae, or botryoidal bunches, the fibres or prisms radiate fi-om 
the centre, because of the tension or strain which the structure 
of the colloid mass imposes upon the molecules. If a gelatinous 
mass deposits in a crevice on the two parallel, or nearly parallel, 
walls without forming mammae, there will be no strain or tension, 
and consequently the prismatic fibres will be of equal length 
throughout, and we shall have the &scicular or baccillary struc- 
ture. 

The solutions of those substances whose colloid condition is 
more or less stable, can form much laiger drops than those which 
are not colloid at all, or which are much less so. Thus, a solu- 
tion of carbonate of zinc will form a larger drop than one of 
siHcate of zinc of the same specific gravity. If a layer of a stable 
colloid bodj partially dries before more solution comes upon it, 
the successive layers may be distinctly traced afterwards; out in 
the case of an unstable colloid body, which easily crystallizes, the 
molecular movement which takes place in the act of crystallization 
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•ropagates itself tlirough the successive layers, though not equally 
ly orated at the moment, and obliterates the layers of deposition 
more or less, and sometimes completely. In the latter case it 
will however be foimd, that the simaces of contact of two layers 
correspond to a basal cleavage of the prism, which becomes quite 
marked in those minerals in which the basal cleavage is imper- 
fect. 

If the lachrymsB first formed are near each other, but yet suffi- 
ciently removed to allow of their growth for some time before 
contact, and if after contact the liquid continues to ooze very 
slowly, under circumstances where the evaporation is very slow, 
or wnere the liquid is only removed by absorption by the porous 
rock, new lachrymae may be formed at the end of flie first, and 
so on. We have thus the botryoidal structure. Some solutions 
apparently independent of any colloid condition are more ad* 
hesive to surfaces than others, and hence have more capillary 
power. Such solutions will not readily form lachrjonas, will wet 
kr^ sur&ces, and will not readily form elongated drops, neither 
will they run out readily over the surfaces of such drops pre- 
viously formed. In order therefore to form true botryoidal 
masses, we must have a solution not having too high a capillary 

Sower, hiffhly coUoid, but imstably so. These conditions would 
e more firequently filled by silicate of zinc than by carbonate, 
hence the existence of the beautiful botiyoidal sihcate in the 
joints of the Venta before mentioned. As these conditions can- 
not firequendy coexist, fully developed botryoidal structure can- 
not be veiy common. 

Some of the most characteristic lachrymae, both pear shaped 
and globular, are found at the Vicenta. Sometimes the 
lachrymae are associated with zinc bloom, which, as is well known, 
is produced by a sort of exudation, therefore similar to that which 
produces the lachrymae. In the case of this mineral, the solution 
n:om which it would separate would not be perhaps at all colloid, 
and would not form pear shaped drops, but only hemispherical 
ones, such as all solutions of crystalloid bodies K>rm on flat sur- 
&ces. Zinc bloom does not appear to be the result of the action 
of solutions on a large scale, and hence never goes beyond the 
stage of hemispherical warts. 

when a number of lachrymae approach each other, so that 
their margins fuse, we have reniform or mammillated structure. 
The former is produced by the lachrymae being formed at a suffi- 
cient distance apart to allow of their growing into small nodules 
before they become united into a continuous mass. The mam- 
millated structure would appear to result from the continuous or 
periodic wetting of the surface after the formation of the first 

7 B 
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lacliiyinse or warts, by which a continuous kyer of mineral, 
having protuberances corresponding to them, would be formed 
The more colloid the substance, the larger would be the drop 
and the more hemispherical the protuberances. Hence, while 
sesquioxide of iron, phosphate of alumina, and carbonate of 
zinc readily form reniform and mammillated masses, carbonate of 
lime and similar nonhydrous precipitates do not. Thin liquids 
containing crystalloid and noncolloid substances in solution form 
a succession of small drops, which produce continually lengthening 
stalactites, down alone the surface of which the solution runs. 
Colloid substances bemg too adhesive, would not, except where 
produced rapidly, and in large quantity, and under very peculiar 
circumstances, produce stalactites ; that is, the liquid would adhere 
to the surface and produce shells or segments of spheres or 
spheroids of successively increasing diameters. 

In the description of the remarkable cavern of Dolores, in the 
valley of Udias, we mentioned the occurrence of the hydrocar- 
bonate of zinc in a granular form upon the floor {antCj p. 67). 
This granular mineral was formed by the dropping of water from 
the roof of the cavern upon the floor, ana as the phenomena 
attending its formation afford an excellent example oi one of the 
modes of formation of globular structure, we have reserved their 
description for this place. 

A stream flowed through the cavern, and after heavy rains 
appears to have periodically inundated it, leaving a thin film of 
soft hydrocarbonate spread over its surface when the supernatant 
water had drained away. Upon this soft mineral, drops of water 
continually fell from the roof, and gave rise to phenomena which 
difler in many respects from those presented during the formation 
of ordinary stalagmite. A succession of drops falling on the 
soft floor, produced a cup-shaped depression, which was enlarged 
by the succeeding drops. The splash of the drops threw small 
globules of the mud about, forming the granular mmeral observed 
on the floor. During the dry penod oi the year, these granules 
dried and became hard, and when the dropping commenced anew, 
these hard grains got moved about, and had their surfaces 
smoothed wherever a rapid succession of drops fell; they also 
slowly enlarged by the gradual deposition of new matter upon 
them. During the penod of flooding, when a new layer of 
mineral was deposited, these rounded globules acted as the nuclei 
around which deposits took place, so that thev often became en- 
larged from the size of a peppercorn to that of bullets, and many 
are found consisting of successive concentric shells 50°™* iji 
diameter. A rapid succession of drops, not accurately falling 
upon the same spot, seems to have detached fragments of the 
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more or less soft mass, or floods of water may have carried broken 
fragments of the mineral into the cups ; and being too largo to 
be ground into round fragments, they wore into flat lenticular or 
irregular pebbles. The cups thus formed were filled up by the 
successive deposits of mineral matter which floods brought into 
the cavern. But while on the level floor the hydrocarbonate was 
deposited in successive laminae, the cups became the moulds of 
concretions. In this way, probably, the cup got filled up with 
soft mineral; as the water drained ofl", drops began again to fall 
into the centre of the soft mass, by which a fresh cup was pro- 
duced, and this a^n fiUed up, and so on ; the final result being 
the production of a kind of flattened spheroidal concretion, with 
a slight indentation in the top. Sometimes the points from which 
the drops fell appear to have changed, so that no new cup was 
formed. In this case, the last deposited matter contracted on 
drying, and left a slight depression, with irregular lips, not un- 
like an opening bud. The change in the point from which the 
drops fell was often very slight, so that a new cup was formed 
close to, but not direcdy over, die fiirst one ; or droppings took 
place at the same time from two points, so close as to produce 
twin cups, and afterwards twin concretions, some of whicn are of 
Yery considerable size. 

The dropping water frequently contained silicate of zinc, 
which by combining with carbonate of zinc formed one of a series 
of very gelatinous compounds, which we shall describe more 
fully in me next section. This gelatinous matter, when thrown 
about, formed globules much more readily than the hydrocarbo- 
nate ; the granules were also harder when dry, and were easily 
polished by attrition when they had become hard. Some of the 
silicated balls, however, contain so large a nucleus of the trans- 
lucent opal-like compounds of silicate and carbonate of zinc, to 
which allusion has just been made, that we must suppose them 
to have been formed by the falling of large drops of water hold- 
ing silicates in solution into a solution of carbonate of zinc. 
Sometimes a cup like depression, formed as above described, got 
filled with silicated balls, around which a gelatinous mass of the 
same composition accumulated ; in this way a pisolithic mass was 
formed. One specimen from San Bartolome, consisting of part 
of the floor of a very large empty space or small cavern in the 
lode there, aflTorded a most beautiftd example of this kind of for- 
mation ; the globules are formed of a beautiful white porcella- 
neous mineral, very smooth, and set in a hard milk-white paste, 
which is fiUed with a number of exquisite hemispherical depres- 
sions when the balls are removed, as mentioned in the last section. 
This specimen shows that the phenomena of dropping water, 
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exhibited by the large cavern of Dolores, can also take place 
in the smallest fissures. 

Sometimes the amount of silicate which got into solution of 
carbonate was so considerable, that the entire deposit on the floor 
consisted of a combination of both. As all those compounds 
appear to exist only in a colloid state, and to be able to combine 
with an unlimited mmiber of equivalents of water, they must 
have formed very stiff gelatinous masses, which produced globules 
with great facility whenever water splashed upon them. If such 
a surface were exposed to a rain oi drops of water, nearly the 
whole mass would have become pisolithic, and some specimens 
from San Bartolome seem to have been formed in this way. 

§. 3. Chemical examination of soms of the minerals of Zinc and 
Lead of the Province of Santander. 

Blende and Galena. — We have sufficiently described the pecu- 
liarities of structure and occurrence of the blende firom the diffe- 
rent mines in a previous section, and here, therefore, it will be 
onlv necessary to discuss those of composition. The following 
table contains the results of the analyses of characteristic speci- 
mens from two localities of the higher ranges: 

ANDABRA. TREflVISO. 



Zn . . 


. 66-407" 


Mn. . 


. 0-010 


Fe . . 


. 0-135 


CaO . 


. 0-172 


MgO. 


. 0-081 


S. .. 


. 83 005 



99-870 



ZnS . . . 99162 
MnS . . . 0-017 
FeS- . . . 0-291 
CaOSO.. 0-418 
— MgO,S03 0-240 



100128 



Zn . . 
Mn. . 
Fe . . 
CaO . 
MgO. 
S. . 



64-996 

0-012 

. 0-197 

, 0-604 

0-196 

32-665 



BaO,S03 0-048 



98-61 8 J 



ZnS ... 96-968 
MnS . . . 0019 
FeSa . . . 0-423 
CaO,S03 1-226 
= MgO,S03 0-679 
BaOjSO, 0-048 

99-263 



The specimen from Andarra was of a beautiful lemon colour, 
almost perfectly transparent: all the outer surfaces were removed 
by cleavage so that the fragment analyzed was perfectly free from 
weathering; no flaw or deavage fracture could be discovered in 
it, and yet, when finely powdered and boiled with water for a 
few minutes, sulphuric acid could be detected in the water. On 
this account, as well as the presence of sulphate of barytes, in the 
blende of Tresviso, we have calculated the lime and magnesia as 
if they were present as anhydrous sulphates. The presence of 
lime and magnesia as sulphates, or at all events in some form in 
such beautif\my transparent and unaltered blende, is very curious, 
and explains the facility with which it decomposes and passes 
into Smithsonite along the planes of lamination. Their presence 
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is equally significant in reffard to the mode of formation of the 
blende, as we shall more fiuly discuss in the next section. The 
specimen of blende from Tresviso was selected with equal care 
in order to avoid weathered surfaces or incipient joints containing 
sulphate of barytes. 

In a specimen of a curious blende-like galena from Puente 
Viesgo the same association of the alkaline earths with lead, 
appears to exist, as the following analysis shows : 



Pb . 


. . 82-006" 


Zn . 


. 0-336 


Mn . . 


. 008 


Fe . 


. 0-055 


CaO. , 


. 0-344 


MgO , 


. 0-131 


S. . , 


. 13-225 


BaO,SO 


, . 3-481 




99-686^ 



PbS . . 

ZnS . . 

MnS . . 

FeS, . . 
_ CaoSo. . 
— MgO,SO, 

BaO,SO, 



94-676 
0-502 
0014 
0119 
0-836 
0-385 
3-481 

100-013 



We endeavoured to ascertain in all these cases whether the 
lime and magnesia were present as carbonates by dropping aciql 
upon the powder, while the result was watched with a strong 
lens, but we were unable to detect any effervescence. 

We did not detect any traces of cadmium in any of the speci-* 
mens examined by us. 

Smiihsonite. — The following table shows the comjposition of an 
average specimen of the massive grayish white Snuthsonite from 
Merodio, free from quartz crystals: 



ZnO 

FeO. 

MnO 

CaO 

MgO 

SLO. 

CO. 



61-986' 
1-997 
0-314 
0^381 
0-056 
0-718 

34-442 

99-894 



ZnO,COa . . 92-716 
2ZnO,Si.O.HO 2-819 
FeO,CO. . . 8-218 
MnOCO. . . 0-468 
= CaOjCOa . . 0-679 
MgO,COa . . 0-115 

100-015 



The amount of iron and manganese is very variable, some spe- 
cimens of mammiUated Smithsonite from Merodio often containing 
not more than 0*25 per cent. The Smithsonite found north of 
the Dobra range, nearly all of which occurs in the dolomite, 
usually contains much more iron than the ores of that chain, or 
of the Penas de Europa. The whole or the greater part of the 
iron has there too very generally passed into the condition of 
peroxide. The followmg numbers represent the composition of 
a specimen of red calamine, formed in thin plates, from the Es- 
meralda mine. The mineral was very compact, and broke with 
an earthy fracture : 
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ZnO . 

CaO . 
MgO . 



67-371 
0*648 
7-939 
0-638 
0-066 
0-968 

82-668 



100167 



ZnO,COa . 


. 88-6U 


Mn304 . . 


. 0-648 


Fe«09,H0 . 


. 8-832 


Cab,CO. . 


. 0-952 


= MgO,COa . 


. 0-186 


SiO, . . 


. 0-953 



100-034 



Some of the iron in this ore may exist in the state of carbonate 
of the protoxide, and another part as a silicate of the sosqui- 
oxide, but the greater part is certainly hydrated peroxide. The 

S receding table would also represent the general composition of 
le massive dolomitic looking subcrystalhne red Smithsonite of 
Comillas, Udias, etc., except mat a still larger proportion of their 
iron may be considered to be carbonate of the protoxide. 

Wherever carbonate of zinc is formed in limestone, north of 
the Dobra range, it usually contains much less iron than the do- 
lomitic ore. But as the limestone underlying the dolomite is 
always more or less earthy, leaving, when dissolved in dilute 
acids, a spongy skeleton of silicate of alumina and other bases, 
similar to that left by all earthy limestones, the grayish white 
Smithsonite formed in it usually leaves a similar skeleton. This 
is not so much the case with the sinter like more or less red ore 
found in joints and along the planes of bedding, as in the con- 
cretionary nodules, and masses formed apparently by substitution 
m the mass of the rock itself. The following niunbers represent 
the composition of suCh a nodule, to which reference was already 
made at p. 87, and of its spongy skeleton: 



"WHOLE HINBRAL. 



SKELETON. 



ZhO . . , 


. 66-1171 


MnO . . 


, . 0-480 


FeO . . , 


. 8-210 


CaO . . . 


. 0-888 


MgO. . 


. . 0007 


CO. . . 


. 88-300 


Spongy ske] 


eton 6122 




100-119 



ZnO,0Oa . 
MnO,COa . 
FeOjCOa . 
CaO,COa . 
= MgO,COJ. 
Skeleton . 



86-680 


CaO . . . 1-176 


0-777 


MgO . . . 0-637 


6-171 


MnO . . . 0-100 


1-677 


FeO . . . 4-692 


0-016 


Al.O. . . 12-105 


6-122 


SiO« . . . 80-044 




AlkaUes and loss 1-347 


inn*9iQ 



100-000 

Hydroearbonates of Zinc. — ^Analyses of the peculiar hydrocar- 
bonate of zinc which occurs in the various mines of the valley 
of Udias imder the circumstances so fully described in previous 
sections, have been already published by M.M. T. Peterson and 
E. Veit," and M. A. Terreil." The former believe that it has 
not a constant composition. They have proposed the formula 

1' AnnaL d. Phann. u. Chem. Bd. cyiii. 48. >* Compt. rend., t. zliz. p. 66a 
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8ZnO,3CO„6HO, to express the results obtained as a mean of 
several analyses of a portion taken from the centre of a large 
piece. The following table contains those results: 

CalcolBted. Fonnd. 

SZnO . . . 73-021 . . . 731 

3C0« . . . 14-838 . . . 16-1 

6H0 . . . 12-140 . . . 11-8 

99-999 100-0 

Exposed to the air for three months, they found its composi- 
tion to be then represented by the formula 3ZnO,C02,2HO, 
according to the following numbers: 

SZnO . . . 75-277 . . . 74-73 

CO, . . . 13-697 . . . 13-81 

2H0 . • . 11-124 . . . 11-46 

99-998 . . . 100-09 

The following are the results of an analysis of a ball of hydro- 
caxbonate, made by M. Terreil: — 

ZnO 68-15 

CO, 1317 

CaO 1-60 

Al,0.»Fe,0, 0-80 

HO 12-40 

Hygroscopic water 3-13 

Organic matter containing nitrogen . . traces 

99-26 

This corresponds, according to him, to the formula SZnO, 
2CO„3HO ; but as part of the water is hygroscopic, he prefers 
the formula 3ZnO,CO„2HO. If we deduct the lime, alumina, 
iron, and hygroscopic water, and calculate the composition of the 
remainder m 100 parts, and also calculate the theoretical compo- 
sition in 100 parts from the formula 3ZnO,CO„2HO, we get 
the following numbers: — 

Calculated. Found. 

3ZnO" . . 76-277 . . 72716 

CO, . . . 13-597 . . 14-052 

2H0 . . . 11124 . . 13-230 

99-998 99-998 

These numbers differ too much to warrant us in accepting the 
formula proposed by M. Teireil as the true one. 

M. Terrell states, that even at 200® Cent, hydrocarbonate of 
zinc loses only hygroscopic water. This statement appears singu- 
lar, especialfy wnen we recollect the interesting results of M. 
Damour," wno found that even the zeolites, with the e2Lcepti(Hi 

1* Equivalent of zinc=s82-6. i' Compt. rend., t. zliv. p. 975. 
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of analcime, possess the property of losing considerable quantities, 
and sometimes even the whole of their hydrated water, either 
when placed in a perfectly dry atmosphere, or when exposed to 
temperatures comprised between 40® Cent, and incipient redness, 
and of again taking it up. The loss of water which hydrates 
sustain when heated, depends not only upon the temperature to 
which they are exposed, but likewise upon the relative facility 
with whicn the air m contact with them is changed, and upon the 
duration of the exposure. In order to test this point, the per- 
centage of water and carbonic acid in a piece of perfectly white 
compact hydrocarbonate was determined by the loss which it 
sustained by ignition, in its air-dried state, after an hour's expo- 
sure to a temperature of 130® Cent, in an oil-bath, and after aa 
exposure of five or six hours to a temperature ranging between 
150® to 180® Cent, and with frequent exposure to the air. A 
similar experiment was tried with a fragment of pure white 
friable bergmehl-Hke hydrocarbonate. The following table con- 
tains the results of these experiments: — 

Compact Friable light 

HineraL HineraL 

Total HO, and CDs in air-dried mineral . . . 25*738 . . 28*380 

Loss in one hour at 180^ 2*041 . . 3*151 

Loss in six hours at 150^' to 180° U*423 . . 18*571 

The following table represents the relative composition at each 
stage: 

Compact Mineral. Friable light BfineraL 

t * 1 / ^ "T» 

Aii-nri*^ Dried at Dried at WO® Air- Dried at Dried at 150® 

Air-Dneo. jj^ tolSQO. Dried. 180°. tol80«>. 

ZnO . 74*262 . 75*809 . 88*898 — 71*620 . 76*121 . 92*302 



CO. 
HO 



25*738 • 24*191 . 11*102 — 28*380 . 23*879 . 7*689 



100000 100-000 100*000 100*000 100*000 100*000 



These experiments show that not only does hydrocarbonate of 
zinc lose hydrated water at temperatures under 200°, but even a 
considerable quantity of carbonic acid. It is even probable, that 
in a current of hot air at a temperature of 180° Cent, it would be 
fuUy decomposed. It may, however, be safely dried at the tem- 
perature of boiling water, or even as high as 120° Cent., provided 
it be not too long exposed to the heat. 

With the view of determining whether the composition of the 
hydrocarbonate is always constant, a large number of specimens, 
exhibiting as great a variety of structure and origin as possible, 
were examined, in some cases the sum of the water and car- 
bonic acid was determined by ascertaining the loss bjr ignition; 
but in several cases every constituent was separately determined, 
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and great care was especially taken in estimating the amount of 
carbonic acid. The following contains the description of the 
specimens, and the results of the analyses: — 

I. — Compact indistinctly laminated mass, with its upper surface corered with 
ripple marks ; colour, pure white, opaque ; dull, earthy, but with a slightly con- 
cboidal fracture, and fissile along the planes of deposition ; somewliat brittle, 
streak shining. Hardness = 2. Specific gravity, 2*232, or 8*758 after it has 
become fully saturated with moisture. The piece examined was taken from the 
centre of the mass, which was twelve centimetres long, ten wide, and eight thick. 

II. — ^Fragment taken from the exterior of the last-mentioned mass, which 
had been many months exposed to the air. 

III. — Light, porous, friable mass, of a perfectly white colour, and not unlike 
some kinds of meerschaum, but much more friable, being easily reduced to 
powder between the fingers. 

IV., v., YL— Specimens of compact white hydrocarbonate, similar to L 
and II. 

yil. — Compact white hydrocarbonate, very distinctly laminated, and slightly 
discoloured from day, etc., on the surfaces of the hmunss ; formed part of the 
floor in which the bones were buried. 

VTIT. — Another specimen of light, friable sinter, similar to IIL, but having a 
faint rose-red tint. 

IX. — Fragment of the hydrocarbonate encasing a piece of bone. Some of 
the Uyers, though perfectly opaque, had a fibrous stmctuxe, like silicate of zinc. 

X. — ^Part of a lump of pure white compact hydrocarbonate, enclosed in trans- 
lucent crystalline Smithsonite. 

XI.— Part of a lump of pure white compact hydrocarbonate, intermixed with 
white transparent fibrous silicate of zinc. 

XII.— External layer of a stalactite, having a distinctly fibrous structure, 
analogous to that of the silicate. 
. Xlii.— Bail of white hydrocarbonate of zinc, one centimetre in diameter. 





I. 




n. 


m. 




Oxide of zhic . . . 


. 74*069 


. • a 


74244 . . 


. 73*681 




Lime 


. O-Oll 


. . • 


0^13 . . 


. 0*010 




Phosphate of iron . . 


. 0*008 


• • . 


0-005 . . 


. 0-008 






. 0*003 










withsiUca 


• . . 


""" • 


• •"- 




Carbonic add . . . 


. 14*934) 




14*898) 


14-980) 




Hydrated water . . 


. 10*070 > 
. 0-964) 


26*968 


10*027^25*666 10*42U 


26-42 


Hygroscopic water . . 




0'736) 


1*028> 




Organic matter . . . 


traced 




traces . . 


. trices 






100 049 


99-918 


100-023 






IV. 


V. 


▼I. 


vn. 


vm. 


Oxide of zmc . . . 


. 74178 


. 74*262 . 74*247 


. 74*092 . 


73-427 


Carbonic acid . . . 


.) 










Hydrated water . . . 


.^26*827 


. 25-738 . 26*763 


. 26908 . 


26*673 


Hygroscopic water . . 


.) 












100000 


100-000 100*000 


100-000 


100-00 




IX. 


X. 


XI. 


xn. 


xin. 


Oxide of zinc . . . 


. 74-222 


. 74*284 . 74 391 


. 74-437 . 


74-480 


Carbonic acid . . . 


.) 










Hydrated water . . . 


.y 25-778 


. 25*716 . 26-609 


. 26-663 . 


26-620 


Hygroscopic water . . 


.) 











100-000 100*000 100*000 100-000 100000 
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We generally consider that hydrated gelatinous precipitates 
have the composition which the analyses of the bodies formed by 
throwing them upon filters, pressing and drying the filtered 
masses, give us ; there can be no doubt, however, that all sub- 
stances capable of existing in the colloid condition form an 
almost endless succession of hydrates ; so that if we represent any 
colloid body by A, its hydrates may be represented by the general 
formula mA + nHO, where m and n are simple nimibers. In 
the preceding section we mentioned that one chief distinction be- 
tween crystalloid and colloid bodies, was that the former either 
did not combine with water at all, or formed with it a small 
number of definite compounds. Between the truly colloid and 
crystalloid bodies we have a third class of substances which 
combine with water, and partaking of the character of the former 
two ; with the colloid they agree in forming a succession of un- 
stable hydrates; with the crystalloid, in forming one or more 
moderately stable ones. To this class of bodies belong those 
precipitates which are thrown down in a hydrated earthy state. 
The Spanish hydrocarbonate is a good example of this kind of 
precipitate, and may, no doubt, be obtained in different states of 
hydration. And as we know that in bodies which contain several 
equivalents of hydrated water, each equivalent may not always 
be held with the same amount offeree, such hydrates gradually 
tend by losing water to attain their state of greatest stability. 
What is the composition of that one? Messrs. Peterson and 
Veit appear to think that 3ZnO,CO„2HO is that one. Their 
formula for the fresher mineral, 8ZnO,3CO„6HO, corresponds 
with, if it was not si:^gested by, that proposed by Schindler for the 
precipitate, which is thrown down when hot or cold solutions 
of sulphate of zinc and carbonate of soda or potash are mingled. 
If we consider the water driven off at 120° as part of the hy- 
drated water, the composition of No. 3 would, to some extent, 
agree with the formula; to some extent only, however, for the 
water, which in an air-dried specimen is more likely to be in 
excess, is too small. But as it is only the friable porous variety, 
which must contain most hygroscopic water, that agrees with 
this formula, while all the compact varieties differ materially 
from it, we could not, even if we had not what we believe to be 
positive evidence that part of the water is hygroscopic, adopt the 
formula 8ZnO,3C03,6HO. 

How are we to look upon those hydrocarbonates? Are they 
compoimds of hydrated oxide of zinc and of carbonate of zinc, or 
are they basic carbonates combined with water? If the former, 
Schindler's formula should be written thus: [3(ZnO,CO,)+5 
(ZnO,HO)] + HO: if the latter, 8ZnO,3CO,-h6HO. In the 
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former case the water performs two functions, and one equivalent 
must be held with much less force than the other five. The 
latter would be a very anomalous kind of compound. The most 
stable hydrate of oxide of zinc must obviously be that represented 
by ZnO,HO; accordingly we find that, in the majority of 
hydrocarbonates yet discovered, the sum of the equivalents of 
carbonic acids and water is equal to the number of equivalents of 
oxide of zinc. May it not be that the body examined by Schin- 
dler was not perfectly dry; and that its real composition was 
3(ZnO,CO0+5(ZnO,HO) ? 

If we consider the part of the water which is driven oflPin the 
water bath as hygroscopic, the formula just stated would repre- 
sent the composition of the Spanish hydrocarbonate. The follow- 
ing table, wMch contains the results of the analyses I., 11., III., 
from which the hygroscopic water, lime, etc., have been de- 
ducted, shows the agreement between the composition calculated 
from the formula and that deduced from experiment: — 

OALCULATBD. I017in>. 

t * \ t " > 

I. n. in. 

8ZnO . . . 74-629 74759 74869 74-337 

8C0, . . . 16-144> ._ .„ 15-075) „- ..^ 15-020> . .3. 16-134) 

6H0 . . . 10-326; 26'*69 io-166| ^^^^ U-lliy ^^ ^^^ 10-628; ^5 662 

A hydrocarbonate of zinc from Marion Coimly, Arkansas, has 
been described by Dr. W. Elderhorst under tne name of Ma- 
rionite,*' which appears to be identical both in composition and 
the circumstances under which it occurs with the Spanish mineral. 
A specimen of the mineral was found to have the following com- 
position : — 

ZnO 73-262 

COa 15-010 

HO 11-808 

100080 

Dr. Elderhorst has also evidently followed Schindler, and pro- 
posed the formula 8ZnO,3COa,6HO. The carbonic acid agrees 
perfectly with our formula, while the water is considerably below 
what Schindler's formula would require, while it would be more 
likely to be in excess. It is probable that the mineral was not 
fully dried. We may here remark that all the specimens of the 
Spanish mineral examined by us were thoroughly ab dried, 
having been in a dry, warm room during more than eight months, 

>' First Report of a Geological Becosnoissance of the northern counties of 
Arkansas, made during the years 1857iind 1858, bj David Dale Owen, Principal 
Geologist, assisted by William Elderhorst, Chemical Assistant, Edward T. Cox, 
Assistant Geologist. Little Bock, 1858, p. 153. 
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and had all consequently arrived at the stage of greatest stability, 
whatever may have been the original degree of hydratation. 

Messrs. Peterson and Veit give 3*52 as the specific gravity of 
the Spanish hydrocarbonate of zinc ; while M. Terreil gives 2*042. 
The following observations will, we think, explain the discre- 
pancy. A piece of No. I., when allowed to absorb water com- 
pletely, was foimd to have the densitjr 3*758 ; the quantity of 
water absorbed was 18*189 per cent. If we consider that before 
absorbing this quantity of water it had first displaced it, the 
specific gravity of the mineral, supposing it to have absorbed 
nothing, would therefore be 2*232. According to Smithson, the 
specific gravity of zinc bloom is 3*59. 

The original substance to which the name zinc bloom or zinc 
bliithe was given, and which consists of a species of efliorescence 
which forms on the walls of zinc mines and upon the rubbish 
taken out of the workings, appears to be a different compound 
from that which we have been describing. Smithson first, we 
believe, analysed a specimen of this mineral in small mammiform 
patches from Bleiberg in Carinthia. Another analysis of it was 
made by Dr. Carl Schnabel/® with a specimen which had efflo- 
resced upon the rubbish at Ramsbeck, in Westphalia, under the 
influence of strong sunshine. Similar eflBlorescences are found 
upon a curious blende, which occurs in globular and reniform 
masses, formed of concentric layers at the Venta, near Comillas 
specimens of which we have analysed; and also upon some 
Smithsonite from the mines of Florida. These different speci- 
mens agree very well in composition, and may be represented by 
the formula 3ZNO,CO„3HO. The white compound which 
forms upon metallic zinc, when moistened and exposed to the 
air, appears to belong to the same category, as the folWing table, 
containing the results of all the analyses, shows: 

CalenUted. Venta. ,SS*J!f1, ^T"'*?^?* ArtlflcUl Compound 

3ZnO . 71811 71-260 . . ^""^IT"^''. . }'^^T\- ^"^iiT^^ 

a§^- : ]^}««-««^ ^ : : : irjf^s^ ^^-^^ ' JJiilfm«> 

99*998 100000 100*0 100000 lOO-QO 

In this formula the sum of the equivalents of carbonic acid and 
water exceeds the number of equivalents of oxide of zinc, and 
consequently the objections urged against Schindlers fonnula 
apply here with equal force. We had not, however, enough of 
the mineral to determine the carbonic acid separately, or whether 



*® Fogg. Annal., cv. 144. 

>» We have deducted the foreign matters and hygroscopic water, and reduced 
the residue to the standard of 100 parts. 
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a portion of the water could be driven off at a lower temperature 
than the rest. It would be useless to discuss the matter further 
until the whole of the compounds of oxide of zinc with carbonic 
acid and water, obtained by precipitating salts of zinc bj means 
of carbonates, by the rusting of zinc, etc., shall be reexamined. 
It is interesting, however, to find that the natural compounds ob- 
tained by precipitation and bjr efflorescence, exhibit exactly the 
same dinerence as the artificial ones, and furthermore, that the 
corresponding natural and artificial bodies are identical in com- 
position. 

Pisolithic AmorphoiM Silicates of Zinc, — We shall first speak 
of the pisolithic silicates, the formation of which we have fully 
described at pp. 92-101. Some of those balls are opaque, and 
consist of beautifully concentric shells ; but nearly all that we 
have examined contained a semi-translucent opal-like nucleus, 
often not bigger than a pin's head, but sometimes as large as the 
largest-sized peas ; sometimes spheroidal balls, as large as beans, of 
this opalescent silicate, are found. These opalescent nuclei and 
balls are not, like the opaque ones, composed of concentric layers, 
but appear to be quite homogeneous. The concentric structure, 
as well as the opacity, may, perhaps, in some cases be explained 
as a process of drying or dehydratation, and not as a successive 
growth ; in favour of this view is the fact, that the opalescent 
nucleus has generally somewhat more water than the opaque 
external shell. The crystalline lenses of fishes' eyes, when pre- 
served in spirit of wine, or when immersed in hot water, show a 
similar concentric structure. In some oases this explanation does 
not certainly apply; for the nucleus has a different composi- 
tion from the opaque shells, and the latter have all the appear- 
ance of having been successively formed about the former, the 
external surfaces of some of tiie shells having different lustres, 
for instance. The following are the results of the analyses of 
several of these balls : — 

I. Slightly spheroidal ball, 12™™* in diameter; colour, enamel white ; surface 
dull ; fracture like biscuit porcelain. . 

II. Slightly spheroidal ball, not found as a nucleus, but may hare been 
originally in a large baU ; lustre resinous, inclining to vitreous ; fracture con- 
choidal and shining ; colour, milk-white ; semi-translucent ; brittle ; sp. gravity, 
8*694 ; not unlike opal, but not iridescent. 

m. A remarkably round ball, 6 to 7"™* in diameter, pure enamel- white ; sur- 
fiice smooth, exactly like glazed porcelain or fused white enamel; fracture like 
biscuit porcelain. 

ly. Ball of about the same size as No. II., but having a dull surface ; colour, 
enamel white ; fracture like biscuit porcelain. 

V. A pei^ 6™™* in diameter, taken from the centre of a large ball 10™™* in 
diameter; external surface smooth, like fused enamel; fracture like biscuit 
porcelain ; colour, pure enamel wliite ; streak white ; hardness, 3*5 ; sp. gravi^, 
2*883. It contained in the centre a semi-translucent nucleus, about the size oi a 
mustard seed, of the density and other properties of No. III. 
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ZnO 68-780 

CaO 0-240 

Mgo 0*015 

MnO 0*002 

FeOwithPO^. 0-007 

Alkalies traces. 

SiO. 8-950 

CO. 16180 

HO 10-676 



n. 


m. 


IV. 


V. 


64-549 . . 


61-865 . 


. 62-266 . . 


66-844 


0-006 . . 


^traces. 


0-001 . . 


traces. 


traces. 


. 0-003 . . 


ff 


0-003 . . 


0-002 . 


0K)02 


traces. . . 


traces. . 


. traces. . • 


traces. 


6-493 . . 


8-292 . 


. 9-214 . . 


17-471 


11-246 . . 


11-801 . 


. 10101 . . 


4-637 


17-672 . . 


18-624 . 


. 19-862 . . 


10-834 



99-849 99-969 100-084 100*947 99788 

M. Terrell also examined one of those silicious balls ; it had the 
specific gravity 2*762, and appears to have been analogous to No. 
iV. in other respects. As he could not remove the carbonate by 
means of very oilute acetic acid without also decomposing the 
silicate, he concluded that the two were in chemical combination. 
The specimen he examined contained 12*92 per cent, of water, of 
which 5*16 per cent, was driven off between 100° and 200° per 
cent.; he accordingly reckons this part as hygroscopic water. 
Considering silica to be a teroxide, he assumes the formula 
[ZnO,SiO„ (ZnCHO),], + ZnO,CO,. This is a very com- 
plex formula, in which we have to assume the combination of 
silicate of zinc with hydrate of zinc, and the combination of 
this compound with uihydrous carbonate of zinc. We also 
believe that the carbonate is in combination with the silicate; 
but having had a ^ater variety of specimens to examine, we have, 
as we believe, arrived at a simpler expression of their composition. 
The following are the formmss which we propose for the com- 
poimds examined by us :-^ 

L— 2ZnO,SiOa +5 (2 ZnO, CO.) 

IL— 2ZnO,SiO. +8 (2 ZnO, CO.) 
III.— 2ZnO,SiO, +2 (2 ZnO, CO.) 
IV^2(2 ZnO,SiO J -f 8 (2 ZnO, CO,) 

v.— 2(2 ZnO,SiOJ + 2 ZnO, CO. 

The following table shows the accordance between the theoreti- 
cal composition calculated from the formuhe and the results found : 



1+ 8H0. 
)+ 9H0. 
)+ 8H0. 
I + 14 HO. 
+ 4H0. 



Calculated. Fonnd. 

12 ZnO . . 69-568 69*299 

SiO. . . 4-404 8-979 

6 CO. . . 16-734) oft^o^ 15-965) 

8 HO . . 10-298;^^^^ .... 107661 
xz. 

I • ^ 

Calculated. Found. 

8 ZnO . . 64-598 64-549 

SiO. . . 6-165 . 6493 

SCO. . . 13-126) 

9 HO . . 16109F 



26-720 



i}2^ . . : . iri^}28i.i8 



99*960 
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Calculated. Found. 

eZnO .. 62 365 61-866 

SiO . . 7*936 8 292 

l^^o- :: }iS^«««^ • • • -i^l^^-^^^ 

100-082 





IV. 




Calculated. 
. 61-616 . 
. 9-398 . 


. . . . 


1 
Found. 
. . 62 266 
. . 9-2H 



lOZnO 
2SiO, 

3C0, . . 10-000) 2ft.oao 1^*1^^129 463 

14H0 . . 19090f^*"^" .... 19.362; 2^*^ 



100-943 



Calculated. Found. 

6ZnO . . 60-996 66844 

2SiO. . . I70&I; 17-471 

CO. . . 6 066) I- Q.^ **637> ,...-, 

4H0 . . 9-900| 15 956 ... . xo-834;^^*71 

99-786 

Nothing can be simpler than the connection which these 
formulae establish between the composition of the different balls, 
According to them, they are compounds of two bodies, which 
are already well known, and one of which abounds in the 
locality, namely, calamine or hydrated disilicate of zinc, and a 
dicarbonate of zinc, which may be precipitated by sesquicarbo- 
nate of soda from a solution of sulphate, and which has been 
obtained by Boussingault combined with water as 2(2ZnO,COa) 
+ 3HO, and by Schindler as 2ZnO,CO,+ 2H0. All the condi- 
tions for the formation of such a dicarbonate in the presence of a 
solution of silicate of zinc, coexist in the mines where those pecu- 
liar compoimds are found. If these formulae be correct, dicar- 
bonate of zinc and disilicate of zinc are isomorphous ;** and these 
compounds are analogous to those formed by bisulphate of potash 
and bichromate of potash, sulphate of potash, and chromate of 
potash, and the nitrates of potash and silver ; and consequently 
similar compounds may be formed in endless proportions ; so that 
the whole series may be represented by the general formula: 
TO (2ZnO,CO,) + » (2ZnO,SiO J + ;? HO. 

*® See App., p. 176 ; *' On some curious molecular changes produced in disilicate 
of zinc, and some of its compounds with carbonates, by the action of heat", for 
an account of some curious phenomena which appear to corroborate this view 
in a very remarkable mamier. 

8 
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This power of combining in endless proportions appears to us 
not onlj to show that hemimorphite and dicarbonate of zinc are 
truly isomorphic, but that the isomorphism of carbon and silicon 
extends to carbonic and. silicic acids, and this adds an additional 
support to the view that silicic acid is a deutoxide. 

Mhrous Hemimorphite^ or Hydrated Didlicate of Zinc (Cola' 
mine), — ^After discovering the simple relationship of the formulae of 
the balls containing different proportions of water, the idea at once 
suggested itself to us that the isomorphism of the disilicate and 
dicarbonate might explain the want of atomic relation of the 
water, which is almost invariably observed in all the specimens 
of calamine that have hitherto been analysed. In order to test 
this hypothesis, we analysed a specimen of perfectly colourless 
(and in small pieces transparent) fibrous hydrated disihcate of zinc, 
which is associated with the hydrocarbonate from San Bartolome 
mine. This specimen was found to contain carbonic acid, as will 
be seen by the following table : — 

ZnO 67-792 

SiOs 23-424 

CO, 1-421 

HO 7-263 

99*900 

If we look upon the carbonic acid as existing in a compound 

2ZnO,CO„HO, that is, in a corresponding degree of hydration to 

that in which disilicate of zinc is found, the proportions in which 

the silicate and carbonate exist in the mineral will be found to 

be, in 100 parts: — 

2ZnO,Si04,HO .... 92-702 
2ZnOCO„H:0 .... 7298 

100-000 

7*298 of this hydrocarbonate would contain: — 

ZnO 5296 

CO. 1-421 

HO 0-681 

7-298 
If we deduct these numbers firom those given above in the 
table of the results of the analysis of the mineral, we shall get the 
following proportions, which represent the quantities of oxide of 
zinc and water which belong to the silicate, as distinguished from 
those which belong to the carbonate : — 

ZuO 62-596 

SiO, 23-424 

HO 6-682 

92702 
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Or in 100 parts, and compared with the composition of disilicato 
of zinc calculated from the formula 2ZnO,SiO„HO: — 

Calculated from Calcniated from 

the Formula. the Analysis. 

2ZnO . . 67213 67*623 

SiO, . . 26-409 25-268 

HO . . 7-377 7-207 



99 999 



99*998 



The ratio between the number of equivalents of silicate and 
carbonate deducible from the preceding calculations is about 11 : 
1 ; so that the pure white fibrous silicate may perhaps be classed 
in the same category as the silicious balls, and the formula 11 
(2ZnO,SiO„HO)+ZnO,CO„HO, assigned to it. In this case 
we have distributed the water between the two constituent com- 
pounds ; but we have not done so in the former, as it may be that 
the water is in two conditions. 

Almost every specimen of hydrocarbonate of zinc contains 
some silicate ; but we cannot assume in every case that they are 
in combination. Indeed it would appear that the peculiar com- 
binations which we have described above ai'e exceptional, and 
are only formed by direct precipitation, and that m all other 
cases where silicate of zinc is found in hydrocarbonate, it is 
either simply mixed with it, or part of the water is displaced by 
silicic acia subsequently penetrating the mass. The following 
analysis of a specimen of stalactite from Dolores Cavern will 
serve as an example apparently of mere mixture. 

2ZnO,SiOaHO . . . 6-376 

8ZuO,3COs,6HO . . 92-359 

FeO,CO, 0-484 

_ MnO.CO- 0-046 

' — CaO,CO, 0-682 

MgO,CO. 0179 

99-125 

99*484 

The ratio of silicate and hydrocarbonate approximates to 1 : 5, 
but the two are obviously merely mixed. Li some thick stalag- 
mitic masses from San Bartolome, we have complete evidence of 
this mixture, the two constituent minerals appearing as if colum- 
nar, that is, a multitude of drops of sihcate fell upon a floor upon 
which hydrocarbonate mud was periodically deposited. The 
mammillated masses of silicate too, as was described in a previous 
section, exhibit partings of hydrocarbonate. 

The following analysis of a specimen of the peculiar moss-like 
hydrocarbonate described at p. 91, affords an example of the 
apparent displacement of water by silica: — 

8b 



ZnO . . . 


. 72-410' 


FeO . . . 


. 0-301 


MnO . . . 


. 0*028 


CaO . . . 


. 0-382 


MgO . . 


. 0-087 


SiO, . . 


. 1-370 


co; . . 


. . 14-791 


HO . . 


. . 10115 
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ZnO 64*560 

FeO 3420 

MnO 0-520 

CaO 0-671 

MgO 0015 

CO. 16-263 

SiO. 6-187 

HO 7-680 

99-226 

If we were to look upon tliis substance as a combination of 
disilicate and dicarbonate, we miffht assign it a formula which 
would harmonise perfectly with those given above, as the fol- 
lowing table will show: — 



2ZnO,SiO. . . . 22-474? 8ZnO . . 70-943 . . 70536 

2ZnO,CO- . . . 61 871 5- = 300, . . 14-441 . . 14-314 

HO 7-680) SiO, . . 6-737 . . 6-769 

4H0 . . 7-877 . . 8-390 

MnO,CO. . . . 0-841 

FeOjCO. . . . 5-510 

CaO,CO. . . . 1'020 

MgO,CO, . . . 0-031 



98-927 

But this foimula of 2ZnO,SiO, + 3(2ZnO,CO,)+4HO, is 
in reality the ordinary hydrocarbonate 8ZnO,3CO„5HO, in 
which one of SiO, has apparently combined with two of oxide of 
arino. This particular case shows that it is probable that many 
compounds of disilicate of zinc and of hydrocarbonates ma,j exist 
besides the many definite ones with the dicarbonates which we 
have described above, and consequently, that the variation in the 
proportion of water in fibrous hemimorphite, may be explained 
in many cases, as well by supposing the presence of other hy- 
drocarbonates as by that of the dicarbonate. 

Silicated hydrocarbonates appear to exist at Wieslooh also, as 
the analyses of ores from that locality published by O. RiegeP* 
show. 

Botryoldal hydrated disilicate of Zinc, — ^At p. 88 we have 
described a curious globular silicate of zinc found in the flat vein 
of Florida mine. This naineral consisted of an irregular mass, 
sometimes distinctly botiyoidal, the largest of the globules being 
about a centimetre in diameter. Externally the globules were 
covered with asperities, which were the ends of crystals disposed 
in a radiated acicular form. The fracture of a globule showed the 
cleavage planes of these crystals, arranged in a stellated form, and 
inclined to each other. These cleavage planes were large, and 

SI ArchlT. d. Phann. (2) Bd. Itui. p. 29, quoted b/ Bischoff, Lehrbuch der 
chemiachen Qeobgie 2ter Bd. p. 1883. 
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appeared to be oo Poo , parallel to which the cleavage is com- 
plete. Colour, yellowish-brown; the fresh surfaces being studded 
with a number of extremely small black points. The cleavage 
planes had a mother-of-pearl lustie, which soon tarnished and be- 
came dull; sp. gr. 3*267. When freshly fractured, and a per- 
fectly undecomposed fragment examined, its hardness was nearly 
= 5. The mineral decomposed into a brownish-yellow ochry 
substance with remarkable facility. Its composition was foimd 
to be : — 

ZaO 62-195 

SiO» 24-883 

Fe.O, 6-182 

CaO trace 

HO 7-121 

99*881 

If we deduct the oxide of iron, and calculate the proportions 
in 100 parts of the oxide of zinc, silica, and water, alone, and 
compare the results with the theoretical composition deduced 
from the formula 2jZnO,SiOj,HO, we shall find that the silica 
and water are too high in the experimental results, and conse- 
quently the oxide of zinc too low. In what state is the sesqui- 
oxide of iron in this mineral ? Is it in combination, or merely 
mixed mechanically with it? The property which silicate of 
zinc has of dissolving in a solution of caustic potash, suggested 
itself at once as a means of answering this question. On treating 
the mineral in the state of fine powder with a solution of potash 
in the cold during several days, the whole of the silicate of zinc 
was dissolved, and a reddish-brown powder was left, the composi- 
tion of which may be represented by the formula 2Fea03,SiOs,HO. 
This is exactly tne silicate of iron, which is found in Glauber's 
iron-tree, obtained by putting a piece of dried grotochloride, 
sesquichloride, or protosulphate of iron, in a solution of silicate 
of potash: — 

3(2Fe.O,SiOO -f- 2(K0,C0,). 

This would, in all probability, be the silicate formed by the 
mutual decomposition of an alkaline silicate and sulphate, or 
bicarbonate of iron. 

The great facility with which this mineral decomposes, its 
behaviour in acids, and its peculiarities generally, would seem to 
show that the siUcates of zinc and iron are in some sort of com- 
bination, and not simply intermixed. If from the whole we 
deduct not merely the oxide of iron, but also the amount of 
silica and water combined with it, the remainder will contain 
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oxide of zinc, silica, and water, in the proportions represented 
by the formula 2ZnO,SiO„HO. 

In the next section, the results of an analysis of a specimen of 
silicate of zinc from San Roque will be given, from which it 
would appear that silicates of iron, no doubt of variable compo- 
sition, appear to be mixed up with the silicate of zinc generally. 
In some of the massive ores from Florida, small stellated crystalfl 
of apparcndy the same compound as the botryoidal mineral just 
descnbed, are met with. 

Perhaps many other minerals containing peroxide of iron, etc., 
would present us with a like phenomenon, if we could dissolve 
one constituent like the silicate of zinc. There are, no doubt, 
many cases where foreign substances cannot be considered to be 
merely mechanically mixed in a mineral, and yet cannot be held 
to replace some constituent isomorphically, which may be ex- 
plained in this way. Indeed, it is probable that many of the 
so-called isomorphic replacements are in reality such compounds, 
held by a very feeble aflmity, but which, imlike the one here in 
question, cannot be dissected. 

Effect of the Zinc Solutions on the Fossil Bones. — The occur- 
rence of bones in so unusual a deposit as hydrocarbonate of zinc, 
made it interesting to determine whether phosphate of lime would 
precipitate zinc, that is, whether a pseudomorphito of phosphate 
of zinc, after phosphate of lime, would be produced readily. Only 
a few of the bones found in the Dolores cave, as described at p. 
66, came into our possession, and they were chiefly fragments. 
Some were wholly enveloped in the white mineral, others only 
partially. Among the latter was a tibia, apparendy belonging 
to some ruminating animal, probably a large-sized deer. This 
bone had lain on tiae floor, and was covered from time to time 
with water holding a salt of zinc in solution, whenever the cave 
was flooded. On one side was a partial stalagmitic coating, 
apparently produced by droppings from the roof. It was beauti- 
fully white ; the dense part of the bone adhered strongly to the 
tongue, like burnt bone; it was, however, much more fragile, 
and friable. Even when kept for several days over oil of 
vitriol, it lost a considerable quantity of water, which appeared 
to be chemically combined with it. The cancellated tissue 
of this bone was beautifully preserved. A portion of this 
tissue was put for three or four days into acetic acid diluted 
with about twice its weight of water, in order to dissolve out 
the carbonates which it contained; this process was repeated 
once with fresh acid, somewhat stronger, so as to insure the total 
removal of the carbonates. Sulphide of hydrogen in excess, 
added to the acid solution, gave a copious precipitate of sulphide of 
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ainc ; this was removed by filtration, and oxalate of ammonia added 
to the filtered solution, which threw down a precipitate of oxalate 
of lime. This shows either that the whole of the carbonate of 
lime was not removed from the bone during the action of the 
solution of zinc, or that new carbonate of lime had been formed 
from the phosphate by the substitution of oxide of zinc. The 
tissue treated with the acetic acid was washed repeatedly with 
distilled water, and boiled with it, in order to remove all traces 
of the acetates of zinc and lime, and then dissolved in hydrochloric 
acid. To this solution ammonia was added in excess, and it was 
then digested for some hours, so as to insure the re-solution of all 
the phosphate of zinc thrown down at first. On filtering, the 
phosphate of lime remained on the filter; the filtered liquid con- 
tained any zinc existing as phosj)hate; on adding sulphide of 
ammonium to the solution, a precipitate of sulphide of zinc was 
thrown down. The solution filtered from the precipitate of 
sulphide of zinc, treated with chloride of magnesium, gave a 
precipitate of ammonio-magnesian phosphate. On determining 
the amount of zinc in the precipitated sulphide in the usual way, 
and calculating the amount of phosphoric acid in the ammonio- 
magnesian phosphate, the results showed that the phosphoric acid 
and oxide of zinc were in the proportions to form the salt 3ZnO, 
PO5. In the air-dried bone, tne amount of oxide of zinc as phos- 
phate was 6*090 per cent., equivalent to 10*805 per cent, of 
SZnOjPOj. The amount of lime thus substituted by zinc ap- 
peared to vary according as the bone was completely^ enveloped 
or not, and according to the part of the bone examined. The 
solid part of a fragment of a small bone, completely enveloped 
by a coating of hydrocarbonate about 5°^tliick, contained a 
quantity of oxide of zinc equivalent to 16*98 per cent, of phos- 
phate of zinc. A part of the carbonate of lime may have been 
derived from this substitution. Scarcely a trace of the organic 
matter of the bone had been preserved, but in those which were 
covered by layers of hydrocarbonate, the inside of the coating or 
shell of mineral, when removed from the bone, had always a 
yellowish-brown superficial colour, and bore an accurate imprint 
of the bone. When the inner layer of such a coating was dis- 
solved slowly in moderately dilute acetic acid, brown membra- 
naceous flocculi floated about, which were probably the remains 
of the periosteum. This Would seem to show that the bones 
were not much decayed before they were enveloped in the 
hydrocarbonate of zinc, and consequently confirms the view that 
the formation of the upper layers, at least, of the hydrocarbonate 
of zinc in the cavern, was contemporaneous with the species of 
animals to which the bones belong. 
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§. 4. Order of succession according to which the different kinds of 
ore were formed^ and their probable geological age. 

It is not our intention to discuss the general question of the 
origin of mineral veins; what we propose to do is merely to 
briefly summarize a few of the more obvious conclusions which 
we think may be drawn from the whole study of the ores, re- 
garding the order of their successive formation and the geolo- 
gical periods at which they were produced. 

In our mineralogical description of the ores of the different 
mines, we have given evidence enough of the formation of Smith- 
sonite from blende, carbonate of lead from galena, and hydrated 
peroxide of iron from pyrites. A portion at least of the car- 
bonate of zinc, both of the limestone and dolomite mines, is the 
result of the oxidation of blende ; but some of the Smithsonite 
seems not to have ever been changed into blende ; that is, we 
have a primitive carbonate and a secondary one derived from 
the oxidation of blende. It is probable that the Smithsonite in 
the lower part of the Vicenta mine (described at p. 59) is pri- 
mitive: in the upper part the ore consists of reniform and stalag- 
mitic pyrites; lower down this passes into blende, and still lower 
into Smithsonite. As this mine, like all the others in the pro- 
vince, disappears in depth, and is more metalliferous at the top, 
we may safely assume that the supply of metallic matter came 
from above, and any metamorphosing actions must have followed 
the same direction. The curious k>de of Sitio de la Trecha 
(described at p. 74), the upper part of which alone was blende, 
intermixed with carbonate of lead, galena, and cinnabar, and the 
lower and larger part Smithsonite, seems to give us another ex- 
ample of primitive carbonate. The isolated pockets of ore, too, 
at the Venta (p. 56 ; see also " Transverse Section of the Sta. 
Lucita Mine", PL 6), are apparently primitive carbonate which 
lay out of the course of the sulphunzing waters. 

The carbonate of zinc, and perhaps also tiie carbonate of lead, 
was originally precipitated from solution by carbonate of lime or 
dolomite. In some instances the replacement was so complete 
that the Smithsonite passes insensibly into pure dolomite, as at 
the Venta (p. 56), and still more stnkingly at the Vicenta (p. 
59), and Reocin (p 69). Both the carbonate of lime and of 
magnesia appear to have taken part in the decomposition, but 
the carbonate of magnesia, as the more soluble, appears to have 
been wholly removed, while some of the carbonate of lime filled 
up joints and formed a kind of conglomerate, such as the irre- 
gular masses found imbedded in clay at the Numa, and also, but 
not so frequently, at San Bartolome, consisting of pebbles of 
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brown micaceous sandstone and rounded polished nodules of 
brown haematite. An immense number of similar rounded no- 
dules of haematite occur in a crystalline limestone paste, con- 
taining some magnesia, filling up the loints of the dolomite at 
Angel de Toporias. Wherever a joint is accompanied by a fault, 
the walls have slickensides, and the dolomite for a certain dis- 
tance was crushed. This crushed rock was generally recemented 
by a slightly reddish-brown paste, like that just described as 
filling the joints of the Angel de Toporias. This paste usually 
contains some zinc, and sometimes also lead. The following 
analyses show the composition of the pure gray dolomite, and 
the composition of the jjaste and fragments composing a piece of 
such a brecciated dolomite having a well-marked slickenside. 



Crystallized hard gray 
dolomite. 



Dolomitic breccia treated witli ocetic add. 



CaCo, . 

MgOCO. 

FeO,CO- 

MnO,CO. 

CaOSO. 

(3CaO)P06 

SiO, . . 



56088 
39 121 
8-417 
0-186 
0-680 
0-260 
0-320 

100062 



a 

Soluble part. 



Insoluble part. 



CaO,CO, . 89-500 CaO,COa . . 48-967 

MgO,CO. . 6-429 MgOCOs . . 42-878 

FeaOa . . 2-800 FeO.COf . . 6-423 

Mn,0. . . 0188 MnO,COj . . 0076 

PbOjCOj . 0088 (3CaO)P06 . . 0-251 

ZnCCOj . 0-266 CaOjSOg . . 0-380 

Water and loss 0-730 SiOg . . . 0-320 

Fine ferruginous"^ 

100-000 clay containing > 0-874 
spangles of mica) 

99-364 



The ratio of the carbonates of lime and magnesia in the crys- 
tallized dolomite may be represented by 9CaO,CO,+ 7MgO,CO„ 
while the part insoluble in acid was true dolomite CaO,COg+ 
MgO,COj. ,The carbonate of zinc in this paste is small in quan- 
tity, but in other specimens of dolomite it reaches from one per 
cent, to complete replacement. 

The comparatively large quantity of carbonate of protoxide of 
iron in the dolomite affords a simple explanation of the difference 
between the Smithsonite of the limestone mines and that of the 
dolomite ones, and at the same time strikingly confirms the view 
that these rocks were the original precipitants of the metals. The 
carbonate of zinc of the limestone is wnite because the latter con- 
tains scarcely any iron, while that of the dolomite is red because 
that rock contains iron, which is converted into peroxide during 
the slow precipitation of the zinc. Hence, too, there are no iron 
ores (haematite or pyrites) at Merodio or Tresviso, while both of 
them abound at Comillas and Ciguenza. Most, if not all, the 
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iron ores (haematites and pyrites) of the province were probably 
originally derived from the decomposition of the dolomite. 

There are many reasons for supposing the blende and galena to 
have been produced by the metamorphosis of primitive carbonates. 
At the Emilia mine, as we have already stated (p. 87), the blende 
and dolomite pass into each other exactly as the latter and the car- 
bonate do. It is not easy to account for this penetration, unless 
we suppose that the zinc was introduced as carbonate, and was 
subsequently converted in sulphide. The analyses of the blendes 
of Andarra and Tresviso, and of the galena of Puente Viesgo (p. 
102-103), taken in conjunction with the partial conversion of the 
veinstone into sulphate of barytes, where it is in contact with the 
mineral at Tresviso, appear to us to completely prove the secondary 
origin of the blende. The existence of lime and magnesia pro- 
bably as sulphate in the centre of pieces even of the perfectly 
transparent lemon-yellow blende of Andarra, and the presence in 
addition of sulphate of barytes in the garnet blende of Tresviso 
and the blende-like galena of Viesgo, show that the ore was de- 
posited from water containing sulphates and sulphides of the 
alkalies and alkaline earths, such as those of the thermal springs 
of Aix la Chapelle or Bagneres de Luchon. It may be objected, 
that sulphate of barytes could not be formed from waters contain- 
ing sulphides and sulphate, and that barytes could only be 
brought in such quantities into veins as carbonate or chloride, 
and afterwards changed into sulphate. The actual deposition of « 
crystallized sulphate of barytes, sometimes containing strontian 
mixed with cube-octohedral crystals of pyrites upon cariated 
quartz at Bagneres de Luchon, sets the question completely at 
rest however. It affords a conclusive argument that the metals 
which form stable sulphides would be deposited as such, while 
the alkaline-earthy metals would be deposited as sulphates. On 
this account we believe the analyses of the blendes and the galena 
above mentioned to be of great interest. 

The occurrence of stalactitic blende and of small capsules full of 
crystals of blende at Comillas, shows clearly that new blende has 
even been formed simultaneously with the oxidation of older 
blende ; the stalactitic and reniform blende and galena of the 
Florida mines are obviously derivatives of ancient carbonates, 
although now again in process of oxidation. The total absence 
of any trace of silver in this reniform galena supports this view. 
The conversion of carbonates into sulphides, and of the latter into 
the former, appears to have been alternating phenomena in many 
of those mines, and no doubt are so everywhere under certain 
circumstances. Thus, at Florida solutions containing sulphates 
were circulating in the joints and fissures which afterwards were 
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mineralized, as is proved by the honeycombs of barytes which 
afterwards become the nuclei of Smithsonite. While the pseu- 
domorphites and sulphate of barytes after dolomite and calc 
spar, coating Smithsonite in one place, and new blende in another, 
show not only that that substance is connected with the forma- 
tion of sulphides, but that it may make its appearance in neigh- 
bouring mines at different periods. In connecting sulphate of 
barytes with the formation of metallic sidphides, we do not of 
course imply that that salt may not be present in waters contain- 
ing no trace of sulphides. 

The oxidation of blende and galena has apparently been 
effected by means of salts of iron and manganese, more probably 
carbonate, but occasionally also by sulphates, and in the pre- 
sence of carbonates of the alkaline earths. When solutions of 
protosalts of iron and protocarbonate of manganese, dissolved in 
carbonic acid, are exposed to the air, they absorb oxygen with 
great rapidity, and after a time the sesquioxide of iron is pre- 
cipitated as hydrated peroxide, if the salt be a carbonate, and 
the manganese generally as deutoxide. Before this takes place, 
however, the solution has very oxidizing powers, and if brought 
into contact with sulphide of lead, zinc, copper, or iron, they 
transfer the absorbed oxygen to the sulphide, which becomes a 
sulphate. This, if carbonate of lime or magnesia be present, is at 
once decomposed, carbonates of the denser metals and sulphate 
of the alkalme earth being produced. A very small quantity of 
iron is able to effect this oxidation under favourable circum- 
stances. If there be a good deal of manganese in the solution, 
and that the access of oxygen is rapid, peroxide of manganese 
will be permanently precipitated. The spongy or vascular tissue 
of oxide of manganese found filling the hoUows left in Smith- 
sonite by the removal of crystals of galena, which we described 
at p. 85, afford a beautiful example of the changes just de- 
scribed. The caries too, which was noticed at p. 86 in crystals of 
carbonate of zinc, was evidently produced by a solution contain- 
ing protoxide of manganese, absorbing oxygen while in contact 
with the crystal, bj which its manganese was precipitated as deut- 
oxide, and the acid which was combined with it corroded the 
surface of the zinc crystal. The black powder of MnO, dotted 
over the surface of the caries is a witness of the character of the 
change. These two metals, whose protoxides always tend to 
pass into higher and more stable oxides, and the carbonates of 
whose protoxides are soluble in water containing carbonic acid, 
while their higher oxides do not combine with that acid, but 
such of them as are naturally formed are insoluble both in the 
hydrated and anhydrous states, and which form basic, insoluble 
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salts with other acids, are, perhaps, the greatest oxidizing agents 
of the sulphides of the metals known. 

Bischoff seems to think that the metals of most mineral veins 
have been derived from silicates originally dispersed through 
rocks. Whatever may be the value of this opinion — and there 
is much in favour of it — ^the silicates of zinc of Santander belong 
to the newest ores, if they are not indeed in many cases the last 
compounds formed. Some of the silicated ores of San Roque 
afford valuable evidence on this point. The ore of that mine 
consists of a curious mixture of silicate, Smithsonite, and hydro- 
carbonate of zinc. At p. 89 we described the general character 
of the silicate, and it is therefore imnecessary to repeat the de- 
scription here ; but we may add one remark, that the mixture of 
carbonate and silicate is very irregular: in general, however, the 
silicate encloses the carbonate, but, as the following analyses 
prove, it has more or less penetrated the whole mass. The first 
table represents the results of an analysis of a specimen of a 
chocolate-coloured, fine-grained mass, which weathered exter- 
nally to a yellowish white, earthy, though still hard substance, 
the results of the analysis of which are given in Table IV. The 
surface of the mass was worn into hollows and rounded projec- 
tions, exactly like water-worn lumps of limestone. Enclosed in 
this brown silicate were light brown nodules, more or less irre- 
gular in form, and appearing to pass gradually into the general 
mass : that is, they were not like pebbles enclosed in a paste of 
a different substance, but rather the result of the imperfect meta- 
morphosis of a previous more or less uniform mass. Table II. 
contains the results of the analysis of some of those nodules. In 
the centre of the same mass was a spheroidal lump, which was 
evidently a portion of the original substance before it underwent 
the metamorphosis which produced the brown ore. It consisted 
of a porous smter exacdy similar to what is deposited by springs 
rich m carbonate of lime, and, but for the material, would be im- 

ishable from many specimens of calc sinter. Table III. 

t the results of an analysis of this substance. 
I. — Chocolate-coloured nlicate from San Boque. 

63-0671 



I2O3 



0-247 

2-334 

O .' 0-216 

?0 0-013 

), 25249 

)s and 

) 

kalies traces 



8-828 



2ZnO,SiOaHO . 94*027 



Silicate of alumi-" 
na, iron, etc., 
with a small 
I)ortion of car- 
bonate of lime 



6-920 



99-947 



99-953 
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II. — Light brown nodules enclosed in the priecetling. 



ZnO . 62-4071 

MnO 0-245 

FeO l-99n 

Fe^Os 1-478 

ALO3 0-201 

CaO 0-453 

MgO 0-ioa 

SiOs 19018 



CO,) 



HO 



2ZnO,Si02,HO 

ZuO,CO, . . 

MnO,C02 . 

Fe0,C0s . * 

_ Fe.Oa t • 
- Al,03 ) 

CaOjCOa . . 

MgO,C02 . 



14162 



100-062 



74-641 

19-041 

0-396 

3 206 

1-679 

0-808 
0-225 

99 996 



III. — ^Nodules of wlute zinc sinter, fonning the centre of the lumps of silicate. 

ZnO,COa . . 

MnO 0-180 



FeO 
CaO 
MgO 
SiO, 

Ho; 



62-9471 


2ZnO,SiO„HO 


. 7-228 


0-180 


ZnOjCOa . . . 


. 89611 


1-008 


MnO,COs . . . 


. 0-291 


0-640 I 


FeO,CO, . . 


. 1-624 


0031 ' 


= CaO.COg . . 


. 1-142 


1-825 


MgO,COs . . 


. 0004 


33-498 


99-960 



100129 



IV.— Yellow, appareAilj weathered external parts of ^cious ore. 



Entire substance. 



Solmble and insolable silicates 
togetiier. 



ZnO . . 49-6481 

BiO, . . 18-822^ 22nO;SiOs HO = 73-»7I 

HO . . 5-601) 



KO . . 0-2391 

NaO . . 0-116 

CaO . . 0-493 

MgO . . 0-269 

MnO . . 0040 

FeO . . 0-684 

Fe-Oa . 2057 

Al^Os . 2-412 

CI . . . 0-008 

SOs . . 0-010 

Si02 . . 6-656 

HO . . 0-971 



Part soluble in 
^ chlor-hydric acid, | 
exclusive of sili-| 
cate of zinc 



. 12-844 



KO . 
NaO 
CaO 

MgO 
MnO 
FeO 
Fe,Os 
Al^Oa 
CI . 
SO3 . 
SiOs 
HO . 



1-698 
1-112 
3-884 
1-972 
0152 
6-244 
7-834 

18-147 
0-030 
0-038 

66-186 
3-698 

99-996 



KO 

NaO , 

CaO . 

MgO 

FeO 

Al,Oa 

SiOs 



0-207*1 
0-177 
0-627 
259 



Part insoluble in) 



0-793 I chlor-hydric acid, j 

2-353 

9-097J 

100-128 



13-413 
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SUieates Insoluble In add. 

KO 1-545 

NaO 1324 

CaO 3-930 

MgO 1-935 

FeO 5-917 

A1,0, 17-545 

SiOj 67-827 

100023 
Hydrated ailicates aolnble in add. 

KO 1-860 

NaO 0-895 

CaO 3838 

MgO 2-016 

MnO 0-311 

FeO 4-546 

Fe»0, 16-016 

Ai;0, 18-779 

Cr 0-062 

SOs 0-077 

SiOj 44-036 

HO 7-560 

99-995 
The silicate of alumina in the first analysis, was in fact a kind 
of clay which had to be fused with barytes to decompose it com- 
pletely. In No. II. the alumina and part at least oi the sesqui- 
oxide and protoxides of iron existed as silicates ; it is on this 
account that we did not calculate the sesquioxide of iron as a 
hydrate. The distribution of acids and bases which we have 
attempted in these analyses, is of course to be understood as an 
approximation, which has the merit at least of representing to 
the eye the general character of the ores, better than where the 
bases and acids are given separately. 

In the description of the different mines, we have frequently 
mentioned the occurrence of clay as a kind of gangue in the 
lodes, and sometimes filling up joints in the neighbouring rock. 
This clay is usually ochreous, and in some mmes, as at Stas. 
Lucita and Felix and the Vicenta (p. 59), it is jointed like the 
dolomite, and looks as if it was derived from its decomposition in 
situ. At Puente Viesgo it is more or less of a pintish flesh 
colour and highly plastic. At Venta la Vega, in the valleys 
of Ciguenza and Reocin, deposits of ochreous clays containing 
nodules of haematite, and often of Smithsonite, occupy the bot- 
toms of the valleys, and are evidently connected with the clays 
of the lodes. The ore of San Roque was enveloped in a clay of 
this kind, of the colour of Oxford ochre, verjr soapy. A portion 
of it, filling up a hollow in a piece of the silicate, of which we 
have described the composition above, jrielded on analysis the 
following results : — 
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The quantity of soda in this clay is very remarkable, but 
as it was present as a silicate it could not have been there 
accidentally. We had no opportunity of determining whether 
the whole mass of clay in the lode was equally rich in soda. 

Similar clays are found as a gangue in a great many mines : 
for instance, at the zinc mines of Moresnet, near Aix la Chapelle, 
and at those of Tainowitz, at the iron mines of Voulte, the lead 
and zinc mines near Li^ge, and are some way connected with the 
formation of the minerals. These clays are usually highly hy- 
drated silicates of alumina, which have received dinerent names, 
but which as a group are usually known as Halloysites. When 
pure, they become almost transparent in water, fatty and soapy 
rather than plastic, and are wholly decomposed hj acids. Some- 
times these compounds contain very little alumina, and are al- 
most hydrated silicates of iron, such as the Nontronite of Mont- 
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mort, and the Pinguite of Wolfenstein. Some of them are of a 
pistachio green, or some other shade of that colour, while others 
are of a rose colour, due to silicate of manganese. At Puente 
Viesgo both colours are found, as was above mentioned. The 
hydrated part of the San Roque clay corresponds in composition to 
some Halloysites, among others to that of Montmorillon, except 
that it is not so highly hydrated. We have abeady remarked, 
however, that gelatinous nydrates are very unstable, and that the 
amount of water which they contain diminishes when long kept 
in a very dry place. There is, however, an essential difference 
between our clay and a true Halloysite : it is not all soluble in 
acid ; the insoluble part, however, bears a small proportion to 
the hydrated part. In general composition the San Roque clay 
resembles alluvial mud, except that a much larger proportion of 
the former dissolves in acids than of the latter ; the relative pro- 
portion of alumina, too, is higher than in the finest inundation 
mud. 

The clay of the weathered silicate of zinc, as well as that con- 
tained in the unchanged ore itself, is evidently the same as this 
yellow soapj clay. But while 83 008 per cent, of the latter dis- 
solves in acid, omy 48 916 per cent, of the clay of the weathered 
ore is soluble. The yellow clay, then, must have undergone 
much chemical action ; and of this we have evidence, besides the 
degree of hydratation, in the smaller amount of silica and the 
relatively larger proportion of alumina as well as the remarkable 
quantity of soda. The latter phenomenon appears to throw con- 
siderable light upon the changes which took place at San Roque. 
The zinc sinter shows that springs rich in carbonate of zinc com- 
municated with the fissures and joints forming the lodes. Other 
springs appear likewise to have communicated with them, which 
brought up considerable quantities of fine silt from the underlying 
clays, or they formed " swallow holes" into which streams of 
muddy water filtered through narrow joints which effectually 
barred the entry of sand or gravel. This fine mud got mingled 
up with the sinter, and either yielded soluble silicates to convert 
the carbonate of zinc into silicate, or, what is more probable, the 
water from which the zinc was deposited contained alkaline 
carbonates which acted upon the clay and dissolved out silicate, 
which more or less penetrated the mass, even where the clay did 
not reach, as is shown by the analysis of the San Roque smter. 
The supply of zinc may have afterwards ceased or taken a new 
direction consequent upon the change in the physical geography 
of the district, and the silicate enclosing clay at first formed, may 
have in turn been slowly dissolved out, leaving the clay which, 
during the action of dissolution, would have necessarily become 
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more hydrated. It is probable, however, that the whole mass of 
clay in a fissure was never cemented by zinc, and that the alka- 
line waters which deposited the zinc dissolved out silica from the 
clay, enriching it with soda, and raising the relative per-centage 
of alumina. This sort of action would explain perfectly the 
formation of the opaline doubly terminated crystals of quartz 
which are abundantly found in the clay of Viesgo. Waters 
containing alkaline carbonates would naturally also dissolve out 
lime, ma^esia, and protoxides of iron and manganese ; the two 
latter being, however, precipitated gradually as higher oxides as 
soon as they became exposed to the air. 

If such chemical changes were to continue long in action, the 
clay would ultimately become altogether hydrated, and true 
Halloysites would be formed wherever there would not be much 
iron, or where the conditions would be favourable to the reduc- 
tion of the sesquioxide so as to enable water to carry it off as 
carbonate of the protoxide. The alkalies, too, would be gra- 
dually removed by dialytic action. It is probable that some 
Halloysites may have had a different origin, may, for instance, 
be the result of the metamorphosis of igneous rocks. Some of 
the veins of greenish soapy clay at Viesgo suggest such an 
origin. No igneous rocks have, however, as yet been noticed in 
the province. The whole character of the clay of San Roque, 
the presence of minute spangles of mica, and other properties, 
appear to us sufficient to prove that it is a kind of mundation 
mud.'* Another circumstance which favours this view is the 
comparative absence of such clays in the higher ranges, where 
Kttle or no mud could be washed into the fissures of the rock. 

But the hypothesis that these clays were brought in as mud 
by water is supported by physical as well as chemical evidence. 

** M. Jutiier, in his extremely interesting observations (Note sur les re- 
snltats an point de vne Qeolog^que des Travanx de captage des Sources Mine- 
rales des Plombi^res.— Annal. des Mines, 5me serie, tjcy., p. 547), on the 
Halloysite of Flombi^res, considers that substance, as well as all ramilar sab- 
stances, to be the result a£ a deposit derived from the waters which have tra- 
versed granite and decomposed it. If we understand him rightly, it would be a 
compound formed by the union of silica with alumina and other bases dissolved 
out of granite and other rocks, whereas we believe it to be a chemically altered 
clay, mechanically washed into the fissures. At page 549 he says: "The de- 
posits of HaUoysite have been formed at an epodi altogether recent and almost 
contemporaneous. In fact, we found in the ancient alluvions, immediately be- 
neath the Boman works, a reddish day which is nothing but a HaUoysite badly 
purified". This observation completely supports the view we have taken. In 
eonnecthig the red clays of the vallBy of Flombi^res with the Halloysites, he is also 
in accord with our view regarding the reUtion between the days of the lodes 
and the clays of the valleys of Udias, Cignenza, etc, stated above. On the 
whole, there is a very interesting concordance between the results of M. Jutier 
upon incipient lodes at Plombi^res, and those at which we have arrived after 
the study of fully formed mineral veins. 

9 
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About half way between the town of Comillas and the Puente 
Portillo, and close to where a mine called Josephina was opened 
in the dolomite, there is a " swallow hole" in which a stream 
flows that issues out at the contact of the dolomite and overljring 
limestone at the Puente Portillo. The imderlying dolomite is 
more or less decomposed, while the overlying mnestone is more 
or less dolomitised. From the relative position of the two rocks, 
any fine mud carried into the engulphed stream would penetrate 
into the joints of the dolomite, and the finest, and consequently 
the most hydrated, may have reached the fissure forming the 
Josephina mine. To the east of Puente Portillo, in the high 
ground directly south of Stas. Lucita and Felix, another stream 
IS engulphed in the overl3dng limestone, and is thought to come 
out on tne shore of the bay at the mouth of the little river which 
flows under Puente Portillo, where a deposit of a highly ferrugi- 
nous sinter is formed. It must, therefore, flow through the 
dolomite and across the lode of Stas. Lucita and Felix, with 
which it perhaps communicates, and if so, into which it must 
have borne fine mud and sesquioxide of iron, resulting fi'om the 
decomposition of the dolomite. Again, in the dyke of red 
ochreous clay mentioned at p. 76, and to which allusion will 
again be made subsequently, we have the strongest evidence that 
the clay was carried into the joints by water in the boulders of 
limestone imbedded in the clay (see •' Cross section of principal 
mines at Tresviso, Europa mountains", PI. 15). 

It only remains to speak of the hydxocarbonates of zinc. As 
this mineral may be said to be peculiar to a very few localities, 
the province of Santander, Manon County, Arkansas, and Wies- 
loch, in Baden, attaining its greatest development in the former 
locality, while in the latter place it occurs only mixed up, as at 
San Roque, with silicate and Smithsonite, its genesis seemed at 
first difficult. In reality, however, it may be easily explained. 
It was formed both from Smithsonite and blende, and simul- 
taneously with the former. Wherever the decomposition of 
blende into carbonate took place so slowly that the carbonate 
was molecule by molecule precipitated, as fast as the decompo- 
sition proceeded, by carbonate of lime or of magnesia, and conse- 
quently under circumstances where there was always an excess 
of carbonic acid, anhydrous Smithsonite was formed. But 
where the decomposition took place in the presence of a large 
quantity of water, that is, where the carbonate was precipitated 
regularly fix)m a relatively considerable quantity of solution, and 
where, consequently, there would be a denciency of carbonic acid, 
hydrocarbonate was precipitated, just as it would happen in » 
laboratory. It is probable that liiis mineral may be indifferently 
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thrown down, whether it exists in solution as a carbonate, sul- 
phate, or other salt, or whether it be precipitated by carbonates 
of the alkalies or alkaline earths. The intermixture of silicate of 
zinc with the hydrocarbonate ahnost universally, and the associ- 
ation of the peculiar clays above described, seem, however, to 
point to silicates of the alkalies as the precipitant, and the zinc is 
also, no doubt, present sometimes as a sulphate. If we suppose 
basic silicate of potash or of soda to be added to a solution of 
carbonate of zinc in water, the carbonic acid of the latter, unless 
where the water would be highly charged with that gas, would 
not be sufficient to carbonate the whole of the alkalies, and conse- 
quently the most complete conditions for the formation of hydro- 
carbonate would coexist in such a case. As silicate of zinc is 
comparatively soluble in water, especially when carbonic acid is 
present, and as the carbonate of zmc would, except under very 
peculiar circumstances, be alwaysgreatly in excess of the silicate, 
the latter would not always be precipitated along with carbonate, 
but would remain in solution until the water became saturated 
with it, when it would form a fine film of crystals, or it may 
drain away and slowly deposit as hemimorphite somewhere else. 
There is not a single peculiarity of the ores of Udias and San 
Bartolome, — ^the layers of hydrocarbonate separated by films of 
silicate, the peculiar compounds of both, even the presence of 
small quantities of hydrocarbonate in all hemimorphite, — ^that is 
not explained by this view. 

In the Dolores cavern, and the extraordinary cavity of the 
San Bartolome mine, we have abundant evidence that the hydro- 
carbonate was precipitated from a solution, and there accord- 
ingly we find it in largest masses. The comparative absence of 
silicates in the Dolores cavern may be explained by the fact, 
that the mineral was in reality not so much formed there as 
brought in as inundation mud ; while the circumstances of San 
Bartolome fully explain the extraordinary variety of the asso- 
ciated hydrocarbonate and silicate. Hydrocarbonate is never 
found at Merodio, or in the higher limestone ranges, because 
the rocks are too jointed and the sides too precipitous to allow 
of water being retained as in the dolomitic region — a condition 
which is likewise unfavourable to the existence of rich clays. 
Now this dryness, as we have shown, is favourable to the pro- 
duction of mammillated carbonate, and unfavourable to that of 
crystallised minerals, as we have shown in our section upon the 
structure of minerals ; and the character of the ores of Merodio 
and Tresviso fiiUy bears it out. 

The sinter of San Roque, and the remarkable quantity of 
soda in its clay, seem to point to the action of thermal sprmgs. 

9 B 
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M. Daubree'' has endeavoured to establish a connection between 
the deposits formed by thermal springs and those of mineral 
veins. More recently, Mr. Hermann Miiller," following out a 
suggestion of M. Daubr^e, has endeavoured to study the rela- 
tions between the thermal springs of Marienbad and Carlsbad 
and the mineral veins of Western Bohemia. The results obtained 
are extremely promising, and indicate a new field for observation. 
The province of Santander appears to us to afford many exam- 
ples of such a connection. We have already mentioned the 
existence of several hot springs in the province. Here we may 
enimierate all those which are weU Known, their ascertained 
temperature, and general chemical character. Going westward 
from the Biscayan frontier, we have: Solares, temp. 27^*50 
Cent.; Lierganes, saline, temp. 20® Cent.; Alceda and Onta- 
neda, sulphurous, temp. 28®*75 Cent. ; Puente Viesgo, acid, 
temp. 35® Cent. ; Las Caldafl, acid, temp. 37®-5 Cent. ; Puente 
Nansa, sulphurous, temp. 26®*25 Cent.; La Hermida, saline, 
temp., spring on left bank of the Deva, 62®'5 Cent.; spring 
on the right bank, 56®'25 Cent.^ An interesting circumstance 
about these springs is, that, leaving out Solares and Puente 
Nansa, they are all more or less connected with the Dobra range, 
and increase in temperature going westward fix)m Lierganes, 
which has a temperature of 20® Cent., to La Hermida, which 
reaches 56®'25; the increasing temperature corresponding to 
the increasing upheaval and disturbance of the rocks. 

Anciently sucn springs may jierhaps have been more numerous 
than now, and a carefiu investigation of the springs of the pro- 
vince may hereafter lead to the discovej^ of manj cold mineral 
springs which formerly were warm. The pecuhar sulphate of 
barytes of La Florida certainly points to the former existence of 
a sulphur spring. Two of the existing warm ones analogous to 
those of Bagneres de Luchon appear to be certainly connected 
with lodes. At p. 75 we have mentioned the existence of veins 
of ^reen soft talcose clay in the limestone at Puente Viesgo, and 
their apparent connection with the pinkish flesh coloured clay 
which lorms the matrix of the ores foimd not more than 400"' 
from the spring. But the best example of a connection between 
thermal springs and mineral lodes, is that of the dyke of ochreous 



" Annal. de Mines, 6me serie, t. xii. 1868, p. 227. 

'^ Cotta*8 Gangfltudien, Bd. iii. S. 261. 

'^ The temperatures are given from El Tratado complete de las Fuentes Mine* 
rales de Espaha^ per £1 Excmo. Sr. Dn. Pedro Maria Kiibio. Not having the 
book ourselves, we are indebted for an extract from it to M. Louis Ratier, Ph^- 
sidan, of Santander. Unfortunately the analyses given are of little value ; it is 
e?en impossible to make out clearly from them to what class the waters belong. 
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clay out of which the springs of the Hermida seem to arise (see 
p. 76). At Osuna this dyke is certainly mineralized, and there 
is every reason to believe that it is the same dyke which consti- 
tutes the mineralized ground of Tresviso. This is perhaps the 
most satisfactory example of the connection known. It is to be 
regretted that we possess no proper analyses of the waters of the 
Hermida springs. According to the work already quoted, they 
contain chiefly common salt, and no mention is made of alkaline 
carbonates. 

Having established the succession of the ores, we shall con- 
clude with a few observations upon their geological age. We 
may safely assume that the ores are newer than the rocks 
in which they are situated. At first sight the succession 
of clays, sandstones, and limestones, accompanied by dolomite, 
and a certain resemblance between some Wiesloch ores and 
those of San Roque, led us to suppose that we had to do 
with the muschel-kalk and variegated sandstone, and accordingly 
in the paper on the composition of the ores, read to the Royal 
Irish Academy, we suggested this opinion,but only as a mere guess, 
expressinff a hope that we would be able to establish the true rela- 
tions of all those beds at another time. In the preceding pages we 
have endeavoured to fulfil that promise, and we may now safely say 
that the ores are at all events later than the Jurassic period; but 
how much later is a question which we shall now endeavour to 
answer. 

In a memoir presented to the Institute, M. Riviere stated 
that the dolomite was cretaceous ; that the ores of zinc lay be- 
tween the dolomite and a deposit of ferruginous clay, and were 
contemporaneous with th^ cretaceous rocks, constituting in fact 
true beds. We give in a note the words of M. Riviere, in order 
to show more clearly his point of view.*® The details which we 



*> Comptes rendas, t. zlviL, No. 18, 1858, p. 728. The following passages ftilly 
explain M. Kivi^re's views: — "Dans la province de Santander, les depdts 
calami naires s'etendent, snr le prolongement en Espagne des Pyrenees maritimes, 
depuis les environs de Saint-Sebastien jusqa'aux montagnes des Astnries. Fris 
dains lenr ensemble, et abstraction faite de quelques accidents dont je parlerai 
pins loin, lis constituent nne suite de dep6ts interrompus ^ et 1^ mais qui, 
reli^ entre eux par la pens6e, repr^sentent une couche metallif^re fbrmee en 
grande partie d'une serie d'amas-conches sur un m6me horizon geologique, 
quoiqoe se montrant k dift^rents niveaux ; par exemple, tant6t aux bords de la 
mer et dans les vall^, tantdt snr les parties elev^es de cette contree montage 
nense. Dans Tespace indique, la couche calaminaire est done plus ou moins 
metallif^re de distance en distance ; aussi n*est-elle fructueusement exploitable 
que sur certains points. L'horizon geologique des dep6ts calaminaires se trouve 
par£Eutement trace par des conches dolomitiques et par une couche argUo-ferru- 
gineuse. Ainsi les couches dolomitiques couronnent les depdts calaminaires, 
tandis que ceux-ci reposent snr la oouche argilo-f^rugmeuse, qui est au reste 
phif comtante, plus developee et plus reguli^re que les dep6t8 calaminaires. Ces 
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liave given in the preceding pages clearljr prove that this view 
of the metalliferous deposits of Santander is incorrect, and that 
they are certainly posterior to the rocks in which they occur. 

The discovery of the bones of the Elephaa primigenius buried 
in the white ore of the Dolores cave, establishes beyond doubt 
that a part, if not the whole, of the white ore is post-tertiary. 
If our view of the relations of that ore with the Smithsonite be 
correct, a part, if not the whole, of the latter must also be post- 
tertiary. This amounts to saying that all the chemical changes 
which the sulphides have undergone have occurred since the close 
of the tertiary epoch ; and the existence of inundation mud in 
the joints and mineralized fissures, which would have been intro- 
duced since the commencement of the formation of the present 
river valleys, supports this view. 

Suppose our hypothesis, that the zinc, at least, was originally 
precipitated as a carbonate, to be correct, at what epoch did this 
take place, and when was it partially sulphurized ? As the metals 
occupy joints and fissures produced by dislocation, which were 
afterwards widened out by the solvent action of water, the deposi- 
tion could only have commenced after the formation of the jomts. 
Now, as the elevation of the Iberian Peninsula took place dur- 
ing the tertiary epoch, we may consider that the majority of 
the dislocations date from that epoch. We have already shown 
that the mines of the valley of Comillas actually occupy a 
fissure produced by an upheaval or subsidence which cannot 
be older than the eocene period, and may be of any age since, 
even post-tertiary. It seems probable, therefore, that the original 
precipitation of the zinc, and consequently of the lead, com- 
menced not earlier than the tertiary epoch, and that most, if not 

derniers 6tant compris entre lea coaches que je Tiens de mentionner, on a done 
des pomt8*de lep^re certalna pour reconnaitre leur horizon geologique. 

" L'interruption fr^uente de la oonche calaminaire, son indinaison yariee efe 
quelquefois tr^a-forte, son aspect contoume, brise et demantele, son existence & 
differents niveaux, ses renflements et ses amindssements, sa teneur plus ou 
moins grande en mineral et diyers autres accidents presentent, de prime abord, 
k Toeil peu exerce, des dispositions telles, qu*au Ueu de conoevoir une serie de 
depdts appartenant k une m^me couche, on y avait tu tantdt des amas iiregu- 
liers, tantdt des reines, des filons, etc., n'ofiOrant aucune relation entre eux. Or, 
^rien n*est mieux caracterise, et j'ajouterai plus ccmstant, plus regnlier, que 
Tensemble de ces depdts calaminalres, si Ton a soin de les relier et de les r6tablir 
dans leur allure et dans leurs positions primitiyes. Cost faute d'ayoir prooede 
ainsi et c*est parce qu'on les ayait consideres isolement qu'on n*ayait pu recon- 
naitre leurs caract^res generaux, leurs rapports, leur yeritable niyeau geologique 
et leur mode de formation. 

** L*existence des depdts calaminaires de la proyince de Santander au milieu de 
couches des terrains cretaces et leur absence dans les autres terrains portent k 
admettre que leur formation a dd 6tre contemporaine de celle d*uue partie des 
terrains cretaces, et que la cause premiere du transport de leurs materiaux pour- 
rait 6tre attribuee k 1 uue des dislocations qui ont produit le relief des Pyrenees'*. 
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all, the transformations which they have undergone belong to 
pleiocene or post-tertiary times. 

The thermal springs are, pHerhaps, connected with this series of 
upheavals, and the singular increase of temperature which took 
place in 1775 in the springs of Bagn^res de Luchon, in the 
French Pyrenees, after the e^thquake of Lisbon, shows that even 
still the dynamic power, which lifted up the whole peninsula, acts 
over as wide an area as ever. Those thermal springs must have 
begun their action near the coast only towards the close of the 
tertiary epoch. It may be objected, that as the sulphurization of 
the carbonates has apparently proceeded from above downwards, 
and not from below upwards, that it could not be effected by as- 
cending thermal springs. It is not in the direct channel of a hot 
spring that we are to seek for the chief results of its metamor- 

{mosin^ action, but in the joints and fissures in the neighbour- 
lood, mto which the ascending water leaks and drains away. 
When M. Dufrenoy determinea the discharge of water of the 
spring called Grande Grille, at Vichy, in 1852, its temperature 
was only 339 Cent., and its discharge 8,500 litres per twenty-four 
hours; while in 1854, after the removal of a ftmgoid growth of 
Arragonite by M. Francois, the temperature rose to 42®, what it 
was in 1775, and its discharge to 96,320 litres. What became 
of all this water, loaded with salts of lime, iron, and alkaline car- 
bonates, while the channel was blocked up ? It must have filtered 
away through joints and alon^ the planes of bedding, altering 
everything m its course. If mis were a sulphurous water, and 
that there were any deposits of oxides or carbonates in the neigh- 
bourhood, we would have phenomena of partial metamorphosis 
into sulphides perfectly analogous to what we have described in 
the Spanish mmes. 

Although much remains to be done yet to complete the study 
of those ores, we think we have produced evidence enough to 
establish the leading features of meir mode of production and 
the extreme limits of their geological age. In the latter respect 
they present, so &r as we know, the only case which has yet 
been established of the formation on a large scale of metallic 
ores in post-tertiary times. 

[ A]>]>mrDij]c.~We forgot to mention In the proper place two other instances of the connec- 
tion between streams of water and metalliflBroQS lodes, and consequently of the relation be- 
tween allaylal mud and Halloysites. One of these is the remarkable care of Dolores (p. 66), in 
which we hare complete eridence that the mass of ore was produced by a stream. The otbw 
is the natural shaft in which a stream had eridently been engulphed, and which appears to be 
a continuation of the lode at Ruyloba (p. 68). We wish also to direct the reader's attention 
to the evidence afforded by the raUey of Novalee of the connection between the alluTlons In 
the bottoms of valleys and the days of lodes (p. 61). Another point deserving of attention la 
the relation between the transverse valleys, that is, the direction of the streams of water, and 
the mineralized points at Comlllas (p. 67). And, lastly, it is worthy of note, in connection 
with the formation of blende, that wherever that mineral is found interspersed In the dolomite, 
the latter was black— that is, contained bitumen.] 
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ONE of the most characteristic physical features of Spain is 
the existence of extensive plateaus, or parameraa^ lymg be- 
tween high chains of mountains, and forming parts of the basins 
of the great rivers Ebro, Duero, Tagus, and Guadiana. Those 
plains consist chiefly of lacustrine beds, usually referred to the 
Miocene period ; but the limestone of Vueltas de Segura in the 
central plain appears, according to M.M. De Verneuil and De 
Loriere,^ to be of the same age as the freshwater deposits of the 
basin of Aix in Provence, which most geologists look upon as 
Eocene. Don J. Ezquerra del Bayo' states, that he knows of 
no marine tertiaries in the interior of Spain except in the neigh- 
bourhood of Burgos, which must have been a salt lake. The 
greater part of the basin of the Ebro, in which these marine beds 
occur, is occupied by argillaceous and calcareous beds full of 
Planorbia and Limncea. This shows that the existence of fresh- 
water lacustrine beds in a river basin does not necessarily imply 
that all the beds must be of the same character. Similar beds, 
containing the same organic remains, with the addition of Palu- 
dina, occur in the Duero basin. But while only traces of salt occur 
in the basin of the Duero, it abounds on the contrary in that of 
the Tagus, with which we are more immediately concerned. 

The basin of the Upper Tagus is placed exactly in the centre 
of Spain, the great plateau which occupies its centre being from 
2,000 to 2,500 feet above the sea. On the north the Somo 
Sierrsrand Guadarrama ranges, which commence on the frontiers 
of Aragon, separate Old from New Castile, and under the names 
Sierra del Pico, Montana de Gredos, and Sierra de Gata, extend 
towards Portugal and divide the basin of the Tagus from that 
of the Duero. Another chain of mountains whose general direc- 
tion is from west-south-west to east-north-east, consists of the 
ranges known as the Montes de Consuegra, Sierra de Yevenes, 
Montanas de Toledo, Sierra de Guadalupe, and divides the Tagus 
basin from that of the Guadiana. 

Those mountains consist of granitic rocks of various kinds, 
and apparently of different ages, associated with gneiss, mica 
schiste, and the older palaeozoic rocks ; and in the Guadarrama 
and Somo Sierra ranges at least, with Devonian and carboni- 

I Bullet, de la Soc. Geologique, t. zi. p. 661, etc.; noticed in Leonhard u. 
Bronn Neues Jahrb., 1835, p. 357. 
' Journ. Geol. Soc. of London, toI. 6, 1850, p. 406. 
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ferous rocks also. On the flanks of the northern dividing chain 
rest cretaceous beds, often constituting large tracts of country 
elevated to a considerable height above the sea, such as the 
table land of Algora, in the province of Guadalaxara, on the hiff h 
road from Madrid to Zaragossa, which is 1,160 metres above the 
sea, and composed of beds, the upper part of which is believed 
to correspond to the white chalk of northern Europe. Some- 
times the cretaceous beds thus lifted up are horizontal; occa- 
sionally they are more or less inclinea, and sometimes even 
almost vertical. The great plateau itself is occupied, as has 
been already indicated, by lacustrine tertiary beds, consisting 
essentially of compact limestone, gypsum, and marls, which often 
attain condderable thickness, especially in the plateaus south of 
Madrid on the road to Andalusia, and on the Cuesta de la Reyna, 
not far from Aranjuez. 

The general physical character of this tertiary region is that 
of vast plains intersected by low ranges of hills and undulations, 
the beds being generally horizontal, and the contours, therefore, 
generally the result of denudation and the slow erosion of river 
valleys. According to Don Casiano de Prado,' the succession of 
the beds in a descending order is: limestone, clay (and gypsum), 
marl, sandstone, sand. M.M. de Vemeiul and De Loriere^ 
state that the tertiary rocks of central Spain almost always begin 
with thick conglomerates, consisting of large fragments of chalk 
limestone, apparently broken off by flowing water from steep es- 
carpments, and carried short distances by cascades* They also 
mention the important fact that rich springs, cold and warm, like 
those of Deza and Alhama, frequently arise at the junction of 
this conglomerate with the chalk. 

The umestone, or rather dolomite, which constitutes the 
upper member of the series, is very silicious, the corresponding 
rock in the Duero basin having exactly ^e same character. 
Fossils are often found abundantly in this tertiary limestone: 
thus at Trijuegue, near Guadalaxara, it often appears com- 
pletely ftiU of lAmruxa, Flanorbisj Paludina^ Helw, etc. Don 
C. de Prado also mentions the occurrence of bones of Anoplo- 
therium, PalcBoiherium^ AntUope, Cervus^ Sua, Rhinoceros, Hip- 
popotamus, Mastodon, etc., in the tertiary beds of the province 
of Madrid.^ 

In connection with the tertiary formations of central Spain 

3 Bullet. Geolog., t. x. 168, etc.; Leonh. u. Bronn. Jahrb. 1854, p. 845. 

^ Bullet Geolog.» t. xi. 661 ; Leonh. u. Bronn. Jahrb. 1855, p. 357. 

^ At page 169 will be found a short notice on the chemical composition of 
this dolomite, and the probable connection between it and the meerschaum of 
VaUecas, etc. 
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are found some very remarkable deposits of sulphate of soda, 
such as those of Lodosa, on the borders of Navarre and Old Cas- 
tile, in the basin of the Ebro, of Calatayud, which is a detached 
lacustrine basin, and which is long known for the fine crystals of 
sulphate of magnesia which may be collected there, and that of 
the valley of the Jarama, near Aranjuez. These deposits are 
very curious and important as evidence of the character of |>ast 
geological changes. So far as we know, no detailed description 
of any of them has yet been published. There appears to be 
some difierenoe between the phenomena ofiered in the three 
localities mentioned, but apparently the most interesting deposit 
is that of the Jarama. Having had occasion to examine this last, 
we propose in the following pages to describe the circumstances 
under which it occurs, so far as our opportunities enabled us to 
study the district, and then to attempt to explain the origin and 
mode of deposition of the salt. The whole paper must be looked 
upon as a nrst sketch, because, as the reader will find, much re- 
mains to be yet done before the whole relations of this ver^ 
curious deposit can be established. Indeed, in our opinion, it 
would be necessary to make a comparative study of the beds of 
Lodosa, Calatayud, and the Jarama, and of any others which are 
known, before this could be thoroughly done. 

The centre of the province of Madrid, which is chiefly occupied 
by the tertiary and newer beds of the basin of the Ta^s above 
described, is watered by the Jarama, a confluent of Uie Tagus 
which rises in theGuadarrama, passes by Guadalaxara, receives the 
Manzanares, a torrential river which traverses Madrid, and some 
other streams of less importance, and pours itself into the Tagus 
near Aranjuez (see the annexed outline map, '* Valley of the 
Jarama, P^*** of Madrid", PI. No. 1). Between the latter place 
to the south, and the village of Arganda to the north, extends a 
beautifiil valley or vega of great fertility, watered by the Jarama, 
and bordered here and there by hiUs of slight elevation, sloping 
gently to the Vega on the west, but rising abruptly on the 
eastern side, and presenting escarpments, intersected by narrow 
valleys all along the river from Arganda to Bayonna, a small 
village four miles to the north of Aranjuez. Plate No. 2 repre- 
sents a general view of these escarpments along the whole eastern 
side of the valley between the points mentioned, the foreground 
representing the vega. Plate No. 3 shows a section across the 
valley indicating the general character of the east and west sides. 
In the same plate there is also an enlarged section of the eastern 
bank of the river showing the escarpment along that side. 

It is along the eastern side of this valley that the deposit of 
sulphate of soda is found. The extent of the principal line along 
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which it occurs may be estimated at from 13 to 15 miles, but 
the richest beds are found in the neighbourhood of San Martin 
de la Vega, a village situated on the alluvial plain north-east of 
the river, and about 12 to 13 miles north of Aranjuez (see 
Plate 2). 

The valley between the points indicated is sometimes covered by 
the inundations of the Jaramawhenit becomes suddenly swollen; 
this circumstance has led to its being represented as a lake upon 
several maps. These inundations, due as much to heavy rain- 
falls as to the melting of the snow of the Guadarrama, are very 
frequent in winter, and rise rapidly, reaching sometimes in one 
night a height of 1"*'50 to 2"-0 above the ordinary level of the 
river. The Jarama having been cutting its bed gradually 
deeper and deeper, the extent, power, and frequency of these 
inundations have been diminishing, even in the memory of the 
present inhabitants. Along the western side, at some distance 
from the river, are found the ancient banks at a height above the 
actual plain of 4"-5 to 5"'0. The bottom of the alluvial plain 
is composed of rolled gravel, or rather shingle, consisting of 
quartz and quartz conglomerate, very much like the Old Red 
Conglomerate, pebbles and large stones of granite, and porphyri- 
tic syenite, from the Guadarrama. On this have been deposited 
successive layers of alluvial mud, brought down by the inunda- 
tions of the river, and which constitute the rich arable soil of 
the vega. 

The bottom of the river valley, upon which the quartzose and 
granitic shingle has been deposited, is composed of gypsum 
mingled with lumps of the white silicious limestone above men- 
tioned, and of a grayish green highly plastic clay, called locally 
^* greda". This rock appears to constitute the floor of a con- 
siderable portion of the province, and from its soft and yielding 
nature is easily eroded by rivers. The Jarama has cut through 
a considerable thickness of it, producing the escarpments along 
the eastern side. The bank of sulphate of soda is intercalated 
in this deposit of clay and gypsum, and crops out where not 
covered by a talus of clay about midway between the vega 
and the top of the escarpment. 

Plate 2 shows an enlarged section of the escarpment on the 
eastern side of the alluvial plain at a point 1^ miles north of the 
village of San Martin de la Vega. The lower portion of the 
section represents the beds of gypsum, greda, and lumps of white 
silicious limestone. Upon these rest a succession of thin beds of 
sulphate of soda, gypsum, and greda; above these come beds of 
gypsum, ffreday and lumps of limestone, similar to those upon 
which the sulphate of soda rests. These beds are covered by 



Digitized by VjOOQIC 



of ihs VaUey of the Jarama. 143 

shingle similar to that filling the trough of the valley, and above 
all comes the soil. 

The position of the shingle shows clearly that the Jarama has 
gradually eroded the whole of the Vega valley out of these beds 
since the deposition of the shingle ; the part of the latter which 
once formed a continuous layer &om the top of the escarpments 
of the eastern side to the western one, being now in the trough 
of the valley where they dropped as they toppled over according 
as the water washed away the cla^ and sulphates beneath them. 

The bank of mineral has a vanable thicKuess of from 16""* to 
17"- ; in some places borings indicated a thickness of 19"-, which 
there is reason to believe is a maximum thickness. Its horizon- 
tal extension or breadth towards the east does not appear to be 
very considerable, iudging from the fact of the gradual disap- 
pearance of the sulphate of soda, and its replacement b^ clay, 
which was established by a level or gallery actively driven in 
that direction in the mine *' El Consuelo**. This would seem to 

Erove that the deposit forms a lenticular mass, such as would 
ave been depositea in a lake. It is indeed probable that a lake 
anciently existed here, the outlines of which will be indicated 
by those of the sulphate of soda. If the present vega occupies 
the middle of the ancient lake, sulphate of soda may also be 
found on the western side, where the beds exactly correspond 
with those on the eastern one, the outcrop of the beds being 
concealed by the sloping talus of gravel and clay. The river 
may, however, have begun the erosion of its bed more towards 
the western margin of the fiUed-up lake, and then cut back 
eastwards according as the soluble sulphate was washed away, 
forming escarped banks only along that side, but forming a 
sloping talus upon the opposite one. If this were so, no sulphate 
of soda would now exist upon the western side. When the 
river was at the level of the soda beds, the erosion of the valley 
must have been very rapid, and the water of the Jarama as it 
poured into the Tagus must have been highly charged with 
sulphate of soda. Even still, some sulphate of soda, dissolved by 
the rain water falling upon the cliffs, must drain into the river. 
Perhaps an observation of Bowles may find an explanation in 
tills circumstance. He stated that the water of the Tagus, 
which at Aranjuez is very bad, begins to become good again at 
Toledo. It is true that the Jarama enters the Tagus below 
Aranjuez, and could not, therefore, contribute to render the water 
impure at that place. It is probable, however, that the deposit 
of sulphate of soda in the valley of the Jarama is not an isolated 
instance in the district, but that similar deposits may exist in 
the course of the upper Tagus itself 
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But whether the sulphate of soda of the Jarama has anything 
to do with the circumstance noticed by Bowles, there can be no 
doubt that it indirectly increases, if it does not wholly produce, 
the fevers of the Vega. In the first plate, the drainage ot Madrid 
is brought into the Jarama, where its putrefaction must be 
greatly favoured by the presence of sulphate of soda. In the 
second place, the soil of the Vega is more or less impregnated by 
sulphates of soda and lime, and when gradually drymg down 
after having been inundated, we have all the elements necessary 
to develop intermittent and typhoid fevers, as the experience 
of the Etang de Lindre Basse, in the department of La Meurthe, 
has fully shown.* 

The sulphate of soda exists in these beds in three states: 
1. as anhydrous sulphate or Thenardite; 2. as hjrdrated 
sulphate, Exanthalose or glauber salt; and 3. in combination 
with sulphate of lime as glauberite. The chief mass consists of 
the anhydrous sulphate enclosing small irregular lumps of white 
saccharoidal gypsum and hard lumps of what may be called 
glauberite. The whole is mixed up with the greenish plastic 
clay, which we have already mentioned as greda^ and is very 
regularly bedded as the section in Fl. 3 shows. The beds 
divide themselves into groups, each of which seems to be sepa- 
rated firom the one beneath by a layer of the greda. The layers 
of sah of each group appear to increase in thickness in ascending, 
while the clay appears to increase in descending: in other words 
there is more clay in the lower part of each group of layers than 
in the upper. The uniformity of structure and regularity with 
which the groups of layers succeed each other, show that the 
production and deposition of the sulphate of soda were pheno- 
mena periodically recurring during long periods of time. 

The mass of sulphate is so hard, that it is extracted bjr driving 
adit levels into the beds, which are worked by blasting with 
powder, and then by the pick. When freshly extracted the rock 
is massive, of a verjr dark colour, and breaks into very irregular 
masses, which exhibit numerous planes of cleava^ as if made up 
as a mass of compressed crystals. Sometimes pieces almost free 
from clay are met with ; they are, when freshly broken, highly 
translucent in large masses, and subtranspdrent, indeed in some 
cases transparent, in small pieces. When the irregular firactures 
are examined, they are foimd to consist of three distinct cleavage 
planes, two of them of inferior, but somewhat unequal, lustre, and 
which appear to be prismatic, and a third basal, which has the 

^ M. AnoeloB, Memoire sur les fl^vres typluAdes periodiqnement deyelopee. 
par les emanations de Tetang de Lindre-Basse. Lu a Tlnstitnt le 15 BCarsL 1847 
Nancy, 1847. 
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lustre, and frequently the iridescence presented b^ the principal 
cleavage of laminated gypsum. It may be readily spht with a 
knife along this plane, but not with the same facility as gypsum, 
nor into such thin plates. The figure of cleavage is a right 
rhomboidal prism, which appears to have the same an^lar 
elements as M. Cordier found for the Thenardite of Espartinas. 
The lustre of the cleavage plane is rapidly dulled on exposure 
to the air, and almost instantaneously if breathed upon.^ When 
pieces are left exposed to the air jot some time, they become 
covered with a white powder like flour, which can be brushed 
off. The fracture of the large clear pieces, the natural cracks 
which generally run through them, and the phenomena which 
they present when light is transmitted through them, clearly 
show that they are made up of an agglomeration of distinct 
crystals, about the size of those usually foimd making up the 
mass of commercial glauber salt. These crystals are pressed 
together, and cemented into a solid mass by a paste of the salt 
itself. 

The dark colour of the principal mass is due to the inter- 
mixture of the grayish green clay or greda, which appears to be 
disseminated through the cementing paste, and abo within the 
crystals themselves. This shows that the water in which the 
crystals were deposited was itself muddy, and that the mud did 
not come in periodically only, and gradually filter down between 
the bed of crystals beiore they became cemented. In some of 
the clear pieces of anhydrous sulphate, portions tinged of a 
beautifiil amethystine colour were observed, the colouring matter 
appearing to be organic, perhaps due to a similar cause to that 
which gives rise to the Dlood-red colour in the brine of salt 
gardens. 

When a mass of the anhydrous sulphate is moistened and 
exposed to the ur, it rapidly absorbs the water, swells up like 
slacked lime; and this action continues until it is completely 
saturated. In the latter state it appears as a lump, of a snow 
white colour, having no appearance of crystallization, but readily 
crushing into a white meal. When treated with water, especially 
at a temperature of firom 20° to 33° Cent, it readily dissolves, leav- 
ing the mtermixed greda partiy in suspension in the solution, and 
from which it is only slowly precipitated, especially if the solution 
be strong. During tiie dissolution of the mineral to extract the 
sulphate of soda, the sulphate of lime, and what we have called 
glauberite, separate also. The latter consist of hard gray balls, 
intermixed with clay, which do not appear to dissolve in water, 
but which, nevertheless, are distinguishable from the lumps of 
gypsum by the alabaster whiteness of the latter, and by the gray 
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lumps becoming gradually coated with a crust of sulphate of 
lime. 

Like all other beds of rock of whatsoever kind, those of 
anhydrous sulphate of soda became jointed by pressure and 
contraction alon^ different planes. These cracks admitted water 
which first hydi^ted the walls of the cracks ; and as the hydrated 
salt occupies a much larger volume than the anhydrous one, the 
cracks were ffenerally gradually sealed up by glauber salt. The 
outcrops of the beds along the escarpment of the valley became 
gradually hydrated, and a part dissolved, and is carried away into 
the valley by the rain; but a considerable quantity has accu- 
mulated as a kind of talus, which becomes covered with clay and 
debris from the falling of the cliffs above, as is shown in the 
enlarged section of the eastern bank of the river valley, Plate 3. 
This hydrated sulphate of soda, or natural glauber salt, the 
Exanthalose of Beudant, and the mirabilite of other mineralo- 
gists, confflsts of an agglomeration of small crystals about the size 
of coarse grained lump su^ar, cemented into a compact more or 
less saccharoidal mass. When firee firom clay these smaU crystals 
are beautifully^ transparent. When a lump is broken by a smart 
blow, it sometimes exhibits a vitreous fracture, not unuke some 
kinds of quartz ; generally, however, the mass easily crushes into 
the separate crystals of which it is made up. The less pure parts 
contain clay and sulphate of lime intermixed with the crystals. 

The specific gravity of the Thenardite was found to be 2*741, 
and that of the hydrated salt 1*4492 at 12''2 Cent. 

The following table contains the result of the analysis of the 
Thenardite : 

a b 

42-902 

0-148 

trace 

0-459 

0-010 . . 0023 
66-602 



NaO 

KO 

CaO 

MgO 

MgCl 

SO, 



100-021 



NaO,SO, . 


. 98-302 


K0,S03 . 


. 0-273 


MgO,SO. . 


. 1-349 


= CaCSO, , 


. traces 


MgCl 


. 0010 



99-934 



The specimen a was perfectly transparent, and had all the 
surfaces of the crystal removed by cleavage. The specimen b con- 
sisted of a fragment of the mass, including several crystals, or 
parts of crystald, and shows very clearly that more chloride of 
magnesium is to be found along the planes of contact than in the 
mass of the crystal, and that consequently the mother liquor 
from which the Thenardite had separated must have contained 
some magnesian salts, and especially chloride of magnesium. 

An extremely pure specimen of the hydrated sulphate of 
soda was found to nave the following composition: 
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N»0- 

CaO 

MgO 

SO. 

HCl 

HO 



19-047 

0-004 

0-068 
24*598 

minute traceB 
66-770 



99-487 



NaO,S03,10HO . . 98-9900 

= CaOjSOg, 2H0 . . 0-0137 

Mg0,S08,7H0 • . 0-4233 

99-4270 



Althougli the specimens of both minerals analysed represent 
the purest portions of the mass, their results do not differ very 
much from what we should obtain from an average specimen of 
either. We may consequently look upon both as exceedingly 
pure minerals — purer, indeed, than the majority of specimens of 
commercial glauoer salt 

The problem of how this remarkable deposit of sulphate of 
soda was formed, does not necessarily involve that of the source 
of the sulphuric acid itself, and which, in combination with lime 
also, is so extremely abundant in the whole central plateau ; for 
whether that acid came up from some volcanic centre, or other 
subterranean laboratory, in a free state, as it does in the water 
of the Rio Vinagre, which issues from the volcano of Purau in 
the Andes, and in that of the abundant spring discovered by 
M. Degenhart, which issues from the Paramo de Ruiz, at an 
elevation of 12,000 feet, in the same chain, and in the less 
important springs of Cransac in the south of France, or even as 
an alkaline sulphate, as in the waters of Aix la Chapelle and 
other saline springs, it would be gradually brought into com- 
bination with lime or magnesia in its passage over rocks, and 
through soils, abounding with both earths. Even the sulphates 
of iron and of alumina, produced by the slow oxidation of pyrites 
or other metallic sulphides, are very soon transformed into sul- 
phates of lime and of magnesia. Whenever, then, we find in 
nature large masses of sulphate of soda, either forming a bed in 
sedimentary rocks, or dissolved in the water of lakes, we may 
assume, unless under very exceptional conditions, that it was 
produced by the action of chloride of sodium upon sulphate of 
magnesia or sulphate of lime, or upon both together. 

Starting then from this hypothesis, let us first examine under 
what conditions sulphate of soda can be formed by the action of 
common salt upon the sulphates of the alkaline earths ; and in the 
next place, whether any such conditions exist naturally as would 
produce large masses of that substance. 

Sulphate of soda may be produced from sulphate of lime, or mag- 
nesia, by the action of common salt upon them, under two condi- 
tions: — 1. At warm temperatures; and 2. at temperatures below 
the freezing point. We shall discuss the subject in this order. 

When a solution of salt containing sulphate of lime is evapo- 

10 b 
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rated to dryness at a boiling temperature, a partial decomposition 
takes place, and some sulphate of soda is formed, as D5bereiner 
showed. This decomposition is never complete, no matter in 
what proportion the original salts may be present ; neither does 
any at all appear to take place during the slow evaporation of 
such a mixed solution, even at a temperature of 40^ Cent. 

When solutions of chloride of sodium and sulphate of magnesia 
are mixed together, and evaporated at temperatures above 50® 
Cent., anhydrous sulphate of soda, and chloriae of magnesium, are 
formed, according to Heinrich Rose. At common temperatures 
no decomposition appears to takes place, at least no sulphate of 
soda is obtained when the solution is fully evaporated. Indeed, 
so far from sulphate of magnesia and chloride of sodium mutu- 
ally decomposing each other at ordinary summer temperatures, 
the inverse change takes place with such facility between 40® 
and 50°, that sulphate of magnesia is frequently made in this 
way on a large scale by adding glauber salt to the mother liquors 
of salt works rich in chloride of magnesium. The reactions of 
sulphate of magnesia and chloride of sodium on the one hand, 
ana of sulphate of soda and chloride of magnesium on the other, 
depend chiefly on three circumstances — temperature, degree of 
concentration of the solution, and relative proportions of the 
mixed salts. Sulphate of soda and sulphate of magnesia have 
equal solubilities at two temperatures, 30® and 48® ; between both 
lies the point of maximum solubility of the former, at a little 
above 33®. Below 30® the solubility of the sulphate of soda sinks 
so rapidly, that at 24® it is about the same as that of sulphate of 
magnesia at 0®. Hence, at temperatures below 30® there is a 
tendency to form sulphate of soda, if equivalent quantities of 
saturated solutions of chloride of sodium and of sulphate of 
magnesia be mixed, as we shall see hereafter. Between 30® and 
48® the converse is the case, that is, sulphate of soda and chloride 
of magnesium will tend to decompose each other, and produce 
sulphate of magnesia and chloride of sodium. Above 48® the 
character of the reaction is again reversed, and is not again 
altered at any higher temperature at which the experiment has 
been tried. It is only, then, at temperatures above 48® or 50® 
that crystals of sulphate of soda are precipitated from brine con- 
taining sulphate of magnesia. 

The sulphate of soda, which forms so considerable a constituent 
of all scums, and panstones or "scales" formed during the evapo- 
ration of the brine of salt springs,' appears to originate in a 

^ Sulphate of soda, uncombined with other sulphates, or as glauberite, that 
is, a double sulphate of lime and soda, Is, uo doubt, a constant constituent of 
the incrustations formed on the bottoms of marine boilers. 
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decomposition of the kind just described. The following table 
shows the composition of three such scums, and of the correspond- 
ing '* scales*' according to the analyses of M. Heine.^ 



8CI7H. 



SCALE. 



CaO,SO, 

NaCSO, 

KO,SO, 

MgO,SO, 

Na,Cl 

MgO,CO, 

HO . 



t — 

L 

28*649 

13499 

1-839 

0-409 

67-102 

0-667 

0-060 
0-020 
2-866 



II. 

60-773 
6-866 
0-991 
0-226 

32-961 
0-385 
0-448 
0-083 
0136 
6*666 



in. 

29-904 

28-942 

0-712 

0-094 

32-060 

0-068' 

0-077 

0-086 

0-083 

7-084 



27-381 46-779 

20-667 40-407 

2-126 0-791 

1-638 1-120 

44-284 10-666 

0-408 Trace 

« 0060 

0-080 

0-023 0-022 

3-444 1-266 



IL 

71-941 
7-462 
1-017 
0-438 

10 771 
0-210 
0-096 
0-188 
0-160 
6-196 



IIL 

20-198 
20-925 
1-339 
1-438 
68-426 
0-316 
0-467 
0-118 
0-086 
1-686 



X. Scum of brine from No. 8 boring at Schbnebeck; a. scale from boiling pan 

before clearing out ; h, scale of salting pan. 
n« Scum and scale of boiling pan from l)urrenberg. 
ni. Scum and scale from Rosen. 

The scales i. and ni. contain the sulphate of lime and soda 
in quantities approximating to the proportions in which these 
salts exist in glauberite ; thej are also present in the anhydrous 
condition. This circumstance is of considerable interest, as it 
shows that anhydrite can be formed at temperatures very little 
above 100° Cent. 

By rapid evaporation at a boiling temperature the deposit or 
scale formed on the heated bottom of the pan would contam some 
of all the salts actually in solution at the moment in the brine. 
By slow evaporation, on the other hand, upon a uniformly 
heated bottom, and as in lakes less heated than the evaporating 
surface, the salts crystallizing out would be successively deposited ; 
but sometimes a deposit would consist of two or more salts mixed, 
or in combination. This has been well shown by the beautiful 
researches of M. Balard." He found that when sea water was 
evaporated until its density marked 7° of Beaume's areometer, 
oxide of iron and carbonate of lime began to be thrown down, 
the precipitation continuing until the areometer marked 14°. At 
16° to 17° carbonate of lime and magnesia, dolomite in fact, was 
precipitated ; from 20° to 25° pure crystallized fibrous sulphate 
of lime was exclusively thrown down. The deposit augmented 

* Aichiy fiir Mineral, u. Geog., zix. 3 ; Karsten— Lehrbuch der Salinen< 
kundeii. 

' MgO, containing some chlorine. 

!• Etudes sur la composition de Teau de la Mediterranec. Annal. de Chim. et 
de Phy&, t. zxyii. 1849, p. 176. 
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greatly when a strength of 26^ was attained, but it was now a 
nuztore composed of chloride of sodium (95 per cent.), sulphate 
of lime, sulphate of magnesia, etc. At 30° the water contained no 
more sulphate of lime, and the deposit consisted of about 94 per 
cent, of cnloride of so^um, and about 4 or 5 per cent of different 
magnesian salts. Finally, at 35^ the deposit consisted of a 
mixture of salts, of which chloride of sodium formed only 60 
per cent., and sulphate of magnesia 18 per cent. In these 
experiments we have a confirmation of what has been above 
stated^ namely, that at moderate temperatures there is no sul- 
phate of soda obtained by the evaporation of brine containing 
•ulphates of the alkaline earths. 

Let us now study the nature of the reacti<ms which take place 
in saline solutions containing chloride of sodium and sulphates of 
the alkaline earths, at temperatures below the freezing point. 

If solutions of sulphate of magnesia and chloride of sodium be 
mixed, and exposed to temperatures below the freezing point,, 
the two salts will decompose each other, and glauberjsalt and 
chloride of magnesium will be formed. In like manner, sulphate 
of lime and chloride of sodium wiU produce chloride of calcium 
and sulphate of soda, as was first noticed by Hahnemann. IT 
powdered gypsum be put into a saturated solution of common 
salt, and exposed to a very low temperature, it will be decom- 
posed, the extent to which the decomposition may proceed 
depending upon the duration of the low temperature, and its^ 
intensity. If an equivalent of each be mingled, and exposed for 
months to a very intense cold, the decomposition may even become 
complete. A piece of dry plaster of Paris, which from its great 
porosity, readily absorbs salme solutions, if plunged for some time 
into a strong soluti<Hi of salt at a temperature considerably below 
the freezing point, will be decomposed, crystallized glauber salt 
will separate, and the solution will contain chloride of calcium. 
Fibrous gypsum exposed for a long time to the action of a very 
cold solution of common salt, is acted upon^ although the action 
is necessarily very slow; while hard saccharoidal crystalline 
gypsum, which is very slowly penetrated by strong saline solu- 
tion, is scarcely changed except upon the external surface. 

Even alum (and also sulphate of alumina) yields glauber salt 
when a solution of it is mixed with one of common salt, and ex- 
posed to a temperature below 0^ Cent. 

Salt prepared in Siberia from^ brine, which during Mrinter ha& 
been exposed to a very intense cold, is always found to contain 
glauber salt. Hess^^ found, for instance, in a sample of salt fix)m. 

^^ Bulletin de rAcademie de St. Petersbourg^ T. vi. 
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SeUnginsk, south of Lake Baikal, 13*8 per cent, of sulphate of 
soda, and in one from Ustkutzk in the Lena vallej, 12*6 per 
cent. A better example still of this change is afforded by the 
result of the treatment of the mother liquors at the salt works of 
Moutiers. They are kept in reservoirs until winter; under the 
influence of the low temperature the sulphate of magnesia and 
chloride of sodium decompose each other, and form chloride of 
magnesium and sulphate of soda. Three deposits are succes- 
sively formed, the last of which is nearly pure sulphate of soda — 
that is, more of the latter is thrown down the longer the duration 
of the action. The following table shows the character of the 
changes which take place : 

Mother liquor Final 

from the First Second Tliird mother 

*Mltpan. deposit. deposit. deposit liquor. 

NaO,S03 .. ., 46-36 .. 66-50 



MgO.SO, . . 9-50 . . 11-74 . . 0*25 

NaCl . . 20-80 . . 41-30 . . 43-00 

MgCl . . 4-85 . . 0-60 . . 0-25 

Water, . . 64-85 . . . . 



96-00 . . 6-00 

. . 4-20 

6-00 . . 19-90 

. . 6-40 



. . 64-60 

It is to be observed of such analyses, that they are to be con- 
sidered not as representing the actual composition of a consecu- 
tive series of producfts from one solution, but as the average 
composition of these salts and solutions as they are actually 
found in the tanks of a large salt works. The bromides and 
iodides are not stated. It is almost unnecessary to observe that 
the deposited sulphates are to be considered as hydrated. 

We have now to see whether such decompositions, which can 
be effected not only on a small scale in a laboratory, but also in 
a large manufacturing one, take place as common operations of' 
nature. The best neld for the study of natural hallurgical 
operations must obviously be those regions which abound in salt, 
salt lakes, and saline efflorescences. The great Aralo^Caspian 
depression is, perhaps, the best example of such a region which 
we could select for our immediate purposes. This region con- 
tains numerous lakes, some of which have almost pure solutions 
of common salt, while others are bitter, and abound in sulphates, 
or in chloride of magnesium. Various kinds of saline efflores- 
cences, and saline swamps likewise, occur throughout the region 
from the Volga to beyond the Aral Sea. Near the Eigatsch, or 
eastern arm of the river just mentioned, there exists a group of 
seventeen remarkable lakes, which are known as the Karrduan 
lakes, and one of which will serve as a type of all the others. 
According to Gobel,*' 100 parts of the water of one of those 
lakes had the following composition : 

» Beise in die Steppen des Biidlichen Buslands, 2 Bde. Dorpat, 1838. Bd. ii. 
8.54. 



Digitized by VjOOQIC 



152 On the Beds of Sulpliate of Soda 

NaCL 10*588 

MgCL 9-912 

MgO,SOa 8-220 

Water, 71328 

99-998 

During the winter a remarkable deposit about one foot thick 
of a salt^ first noticed by Pallas, is formed in this and all the 
other Karrduan lakes. This salt, which haa been called Astra- 
kanite by G. Rose, crystallizes in transparent prisms, which 
effloresce in the air, and has, according to the analysis of H. 
Rose, the following composition : 

NaOjSO, 41'0a 

MgO,SO, ........ 86-18 

Mg,Cl ; . 0-88 

CaO,SO, and Sand, » . . . 1*75 

HO 21-66 



99.82 



which corresponds to the formula MgOSO„NaO,SO„4HO. The 
corresponding artificial compound, like all the similar double 
salts of the magnedan sulphates, contains six equivalents of water. 
Perhaps the smaller quantity of water in the natural salt may be 
due to the action of the dense soluticm of chloride of magnesium. 
During the greatest cold of winter, glauber salt, uncombined 
with sulphate of magnesia, appears to be precipitated along with 
chloride of sodium in these laKes, forming the globular masses of 
compound salt which are found on their margins. A compound 
of hydrated chloride of sodium with glauber salt can, in fact, 
be formed in concentrated brines at very low temperatures in 
globular masses, composed of radiating prisms, which lose part 
of their water at temperatures approacmng 0^ Cent. These lakes 
have, accordingly, a summer and a winter composition ; during 
the former period they contain very little (if any at all) sui- 

Ehate of soda, while in winter. there is a large production of the 
itter salt. 

The marine tertiary formations which occupy the region be- 
tween the Irgis and the Syr-Darya, or Jaxartes, and through 
which flows the Turgai, afford some examples of still more utility 
for our purposes. These formations consist chiefly of gypsum, 
loams, sand, brown coal beds, highly fossiliferous laminated clay 
marls, and sandstones. In journeying from the upper Irgis to- 
wards the Aral Sea, the land gradually falls towards the latter; 
this, together witK the denudation of the surface and the erosion 
of valleys, brings a succession of beds to the surface, which Mk 
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Noschel, who has recently traversed those wild steppes,^' classifies 
into three groups. The first, or uppermost, consists of a yellowish 
quartz sand, mixed with limestone, brown haematite, and frag- 
ments of shells; a yellowish red sandy loam; a loose yellowish 
quartz sand; bright brown saline, ouen fetid clay, and loose 
sand. This group of beds forms hilly sand wastes of variable 
extent, the hills sometimes rising to 100 feet, resting here and 
there upon what we may call the general steppe floor, and very 
frequently in caldron-like hollows in its surface. All -the wells of 
firesh water in the region are found in this group. The second 
group includes what we have called the general steppe floor, or 
clayey and marshy soil which fills up the hollows and funnel- 
shaped depressions, which have been eroded out of the under- 
lying beds composing the group. These beds consist of — 1. 
Alternating layers of yellowish, gray, and reddish calcareous 
sandy clay, free from salt, and similar coloured salt loams, con- 
taining tertiary shells, ^psum, — sometimes in rhombic prisms, 
sometimes sparry, lammated, or fibrous, — and compact marly 
clay, and sandstone plates ; and sometimes also boulders and 
gravel of crystalline rocks. The salts which are found in the 
loams are aUnost exclusively sulphates, such as sulphates of 
magnesia, protoxide of iron, and soda. The quantity of sul- 
phate of magnesia is often so great that woolly filamentous 
efliorescences of it cover the clay in the dry weather in lichen 
like patches an inch thick. Common salt is only very s{)aringly 
found among those beds. 2. Yellowish gray, often passing into 
a dark coloured saline clay, which is often boggy, and evolves 
sulphide of hydrogen and marsh gas. In addition to the salts 
just mentioned, this clay abounds in common salt, and conse- 
quently salt lakes and salt swamps are formed where it crops 
out. The chloride of sodium appears here as hard, compact 
layers, composed of large cubical crystals, sometimes an inch in 
the side, nlling the bottom of the lake ; upon this rests the 
mother liquor, or when nearly the whole of the water has eva- 
porated, a stinking, dark gray saline loam, upon which a vesi- 
cular crust of sulphates and other salts rests. Brown coal, 
Eyrites, sulphur mud, alum, and debris of gypsum also occur 
ere and there in this group. 
The third ^oup of beds, inferior to those mentioned, consists 
of the followmg series: — 1. A spongy, hygroscopic, yellowish 

IB BemerkungeD uber die naturhistorishchen, insbesondere die geognostisch — 
hjdrographischen VerhaitnisBeder Steppe zwinchen den Fliissen Or und Turgai, 
Kumak uod Syr-Darja Von A. Noschel— mit einem Vorwort and Bemerkun- 
gen Yon G. Yon Helmersen— Beitrage zur Kentniss dea ruesiachen Ketches Bd. 
16, St. Petenburg, 1866. 



Digitized by VjOOQIC 



154 On the Beds of Sulphate of Soda 

saline clay, often full of marly clay plates and flint-like silieioiu 
grayel, which forms the tops of the eleyated country. 2. Tel« 
kwish gray marly loam, containing loose gypsum pieces, white 
veins of quartz sand, and layers of the flint-liKe silicious gravel, 
and abounding in glauber salt. Wherever this bed crops oot» 
lakes, containing a solution of glauber salt, are formed; such, 
for instance, as the one which occurs about forty worsts north of 
Raim Kale, on the Aral Sea. 3. Gray slaty clay marl, with 
intercalated layers of crystalline gypsum, an mch thick, and of 
grayish, green, argillaceous san^tone. 4. A soft, sandy, and 
often also salty, grajrish yellow loam, traversed by veins of yel^ 
lowish, coarse, loose, sand veins, which forms tne bed of the 
Syr-Darya to the Sea of Aral. According to Von Helmersen, 
the shells which are found in the grayish green sandstone No. 
3, appear to be all eocene. 

On the journey from Uralskoye to the Aral Sea, at Raim- 
Kale, M. N<$8chel observed a number of lake-like accumulations 
of water, which were more or less salt and bitter, and even fre* 
quently became true, rich, common salt lakes, covered with a 
white salt crust. Sometimes the water was so muddy that it 
could be obtained clear only by passing it through a very thick 
filter. He states that, " this peculiar muddiness of the water was, 
in fact, a very remarkable phenomenon, as one should have ex- 
pected that the mud in suspension in the water, would in time 
have deposited in the still lake, and have formed at most a mere 
deposit at the bottom. On the contrary^ one always finds the 
water muddy, and the more the water diminishes by evaporation, 
the muddier it becomes; and, at last, when all the water is eva- 

E>rated, the fine clay remains behind as a thin, smooth coating, 
akes of this kind, which almost always appeared to he 
formed of the rain water of spring only, for the most of them 
dried completely down during the summer, were found more on 
the northern end of the sand deposit, and imparted by their 
silver-like sheen, when seen from a distance, a peculiar but very 
depressing character to the landscape*'. Such annual or periodic 
lakes, generally rich in salts, are very common over the whole 
Kirghiz steppes, some of them being of considerable size, as, for 
example, the great salt lake of Tas-Kul. Many lakes appear to 
have Decome permanently dried up in the steppes, and some 
think that the water of the whole Aralo-Caspian depression is 
slowly diminishing. 

We might find m South America also many similar examples 
of saline lakes and efflorescences, but one will suffice for our pre- 
sent purpose. Mr. Darwin was particularly struck with the 
efflorescences of Bahia Blanca, northward of the mouth of the 
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river, or rather rirer-bed, of the Colorado. This efflorescence 
consists of glauber salt mixed with only yery little common salt. 
The districts where glauber salt effloresces are called aalnitralesj 
to distinguish them from the salinae where common salt occurs. 
As long as the ground is moist, one sees only a wide extended 
plain, consisting of a black, greasy soil, which nourishes scat- 
tered bushes and salt plants. In hot weather the soil is com- 
pletely white, as if covered with flakes of snow (hence, no 
doubt, the name Bahia Blanco)^ which is due to the tendency 
of the salt to crystallize, like hoar frost, upon the stalks of grass. 

Having thus shown that sulphate of soda can be readily pro* 
duced by the action of common salt upon the sulphates of the 
alkaline earths, and that such changes take place on a lar^e 
scale in nature, we shall now proceed to endeavour to apply 
those facts towards explaining the origin of the beds of sulphate 
of soda of the Jarama. In order to satisfactorily account for the 
origin of the beds in question, we have to take into consideration 
the following circumstances: 1. That the sulphate of soda ap- 
pears to have been originally deposited in a lake-like depression, 
and is nevertheless nearly free from chlorides, especially of 
sodium ; 2. that the salt must have been deposited urom a solu- 
tion in anhydrous crystals, and that the absence of combined 
water was not produced bv any subsequent change ; 8. that the 
water of the lake was shallow and muddy, and that the crystals 
were formed while it was in this muddy state ; 4. that the pro- 
duction of the sulphate of soda was a regular periodic phenome- 
non, which took place apparently under conditions as to tempe- 
rature, etc., almost absolutely the same as exist at present. 

Whether the sulphate of soda of the valley of the Jarama was 
formed from the sulphates of magnesia and lime, bv the action of 
common salt at temperatures above 50° Cent., or Delow 0°, it is 
evident that it was not formed where we now find it, that is, 
that the ancient lake was not an ordinary salt lake, or the mother 
liquor lef); after the deposition of some great bed of salt, for other- 
wise we should find beds of the other salts which occur in mother 
liquors and brines, or combinations of them with sulphate of soda, 
alternating with the beds of the latter salt. The constitution of 
the scum and scale formed at a boiling temperature, the deposits 
which take place during the evaporation of sea water at common 
temperatures, and the deposit<) formed in the Karrduan lakes at 
temperatures below the freezing point, all alike place this fact 
beyond doubt. Again, the salt must have been separated from 
its solution at a temperature above 35° Cent. Dr. Thomson long 
ago pointed out that when a solution of sulphate of soda is eva- 
porated at a temperature of 40° anhydrous crystals are formed. 



Digitized by VjOOQIC 



156 On the Beds of Sulphate of Soda 

This result has been confinned on a large scale by M. Balard, 
who found that, when sulphate of soda was deposited by the 
evaporation of the mother hquors of salt gardens in summer^ it 
was anhydrous whenerer the temperature exceeded 35^« 

The deposition of the sulphate of soda of the valley of the 
Jarama in anhydrous crystals, which require for their formation 
a temperature above 35^, is in itself a very strong argument in 
favour of the opinion expressed above, that the sulphate of soda 
was not formed in its present site by the decomposition of the 
alkaline earths. We have seen above that sulphate of soda could 
onl^ be precipitated from a brine containing sulphate of mag- 
nesia at temperatures above 48^ or 50^. At this temperature 
the crystals would, of course, be anhydrous, but as the difference 
of solubility of sulphate of magnesia and sulphate of soda is not 
very great between 50^ and 60^, the highest summer tempera- 
tures at which we could suppose the evaporation to have taken 
place, sulphate of magnesia would always be precipitated along 
with the sulphate of soda, inasmuch as the production of the 
latter salt, by the decomposition of the sulphate of magnesia, 
would not compensate for the evaporation of the water, which 
would always keep the solution at the maximum of saturation 
for sulphate of magnesia. Again, above 15^*5 sulphate of mag- 
nesia is more soluble than chloride of sodium, and above 28^ 
sulphate of soda is more soluble than the same salt, and as even 
in mother liquors of salt works, and such steppe lakes as may be 
looked upon as mother liquors, there is always more chloride of 
sodium than sulphates present, the point of saturation for chloride 
of sodium would consequently be reached before that for the 
sulphates mentioned, and it would consequently begin to be pre- 
cipitated before, and along with, any sulphate of soda formed. 

The exact temperature at which any particular change of 
constitution would take place in a solution of several salts, 
would, no doubt, be greatly influenced by the third circum- 
stance which we have mentioned as exerting an influence upon 
the reactions of salts in solution (ante, p. 148^. It is, however, 
unnecessary to enter into any details upon this very complicated 
point, if for no other reason than that we have no accurate data 
to depend upon. For our present purpose it is sufficient to state 
that the points of saturation for sulphates of magnesia and soda 
are only reached, in the case of .sea water and the majority of 
the brines of springs, after a large part of the common salt has 
been precipitated, when the evaporation takes place at tempera- 
tures below 50°. But at higher temperatures, for example 90° 
to 110°, where the solubility of sulphate of soda approaches 
more and more that of chloride of sodium^ as the composition of 
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saline scums and panstones or ** scales** shows, the point of satu- 
ration for sulphate of soda, or its combination with sulphate of 
lime-glauberite, may be reached ahnost at the same time as for 
common salt. 

The higher the temperature above 48°, then, at which a brine 
or mother liquor may happen to be evaporated, the more sul- 
phate of soda would be formed. Possibly the gray salt of Vic, 
in the department of La Meurthe, which occurs in the Jurassic 
formation, and which consists, according to M. Berthier, of 
90*3 per cent, of chloride of sodium, 5*0 of anhydrous sulphate 
of lime, 2*0 of anhydrous sulphate of soda, 2-0 of anhydrous 
sulphate of magnesia, bituminous clay, and oxide of iron, and 
0*7 of moisture, may have been formed at a temperature above 
SO*'. The polyhalite of Vic, which is simply Glauberite, as well 
as the latter mineral found in other localities, such as Villa 
Rubia, near Ocaiia, in the basin of the Tagus in Spain, Iquique, 
in the desert of Atacama, in South America, etc., seem likewise 
to have been formed by the evaporation of brines at a tempera* 
ture of at least 50°. 

The remarkable salt lake of Bahr Assal, near Tajura, not far 
from the Red Sea, in North-Eastem Africa, offers an existing 
example of conditions such as would be adequate to produce, in 
some places, a salt like that of Vic, or Glauberite. This lake 
formed probably at one time a part of the Bay of Tajura, from 
which it was separated by the protrusion of a basaltic dyke or 
reef, and since then has been gradually evaporating down until 
nothing now remains but a mass of compact white salt and some 
saturated mother liquor. The annual evaporation is now, of 
coturse, very small ; but, being surrounded by a dry and water-> 
less desert, and immense precipices of black basalt, the tem- 
perature at which the evaporation in summer takes place is very 
high. Major Harris states that when he was encamped on its 
banks in the beginning of June, the temperature under the 
shade of umbrellas and cloaks was 52°-2 (126° Fahr.).'* Later 
in the season the temperature must have reached at least 60°. 
The temperature at night is almost as high as in the shade 
during the day, in consequence of the ramation of the black 
basaltic rocks. Li deep lases the great mass of the saline solu- 

^* Highlands of JEthiopia, rol. I. p. 105. Further on he says, that fifty 
pounds of well packed spermaceti candles were so completely melted out of the 
box as to be reduced to a mere bundle of wicks during the short journey from 
Taj lira. '* Even the Daiiikil, who from early boyhood have been accustomed 
to traverse the burning land of the Tehama, never speak of it but in conjunc- 
tion with the devouring element, of whose properties it partakes so liberally, 
and when alluding to the lake of ealt, invariably designate it * Fire*'*— p. 121. 
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tions could not attain so high a temperatore as 50^ ; and even if 
the surface stratum did attain it, ana that anhydrous sulphate of 
soda happened to be precipitated, it would re-mssolve as it passed 
through the cooler strata below. Such compounds could only 
be permanently formed, therefore, either in shallow lakes, on the 
margins of deep ones, or in the upper strata of what may have 
once been deep lakes, but which by evaporation and the deposi- 
tion of common salt, had become shallow. The circumstances 
under which Glauberite has been found, harmonize perfectly with 
the theoretical conditions just stated, and which, as may be at 
once perceived, are not frequently found naturally in conjunc- 
tion, and hence the comparative rarity of Thenardite and Glau- 
berite. There is a great analogy between the salt deposit of 
Bahr Aasal and the aalinas of Chili, which are situated near the 
coast, and which were once connected with the latter. We may 
consequently expect to find on the margin of Bahr Assal the 
same curious variety of salts met with around the margins of the 
talinaa alluded to, nitrate of soda perhaps excepted. 

Hydrated sulphate of soda or mirabuite, on the other hand, 
must have been fermed at temperatures below 35^, and this may 
take place, 1. by precipitation from a solution; 2. metamor- 
phism of Thenardite or Glauberite by water; and 3. by pseudo- 
morphosis. The glauber salt of Alcanadra, near Lodosa, in the 
valley of the Ebro, to which reference has already been made, 
appears from the report of M. Burat, as given by M. Dufrenoy, 
to have been formed by precipitation from a solution. To the 
same category belong the crystals of glauber salt found in the 
neighbourhood of the Aral Sea, the Astrakanite of the Earr- 
duan lakes, and the similar salt found at Mendoza and other 
places in the Pampas of Buenos Ayres, and the salt described as 
Keussine, which is formed from the mineral springs of SedEtz 
and Franzenbrunn in Bohemia. The glauber salt of the valley 
of the Jarama is undoubtedly due to the action of water upon 
the Thenardite constituting the main mass. The minerals known 
as Ldweite and Blssdite, which are hydrated combinations of 
sulphate of magnesia and sulphate of soaa, are perhaps the result 
of a metamorphic action, which, although not producing true 
pseudomorphs, may, nevertheless, be included under that cate- 
gory. 

Enough has been said to show that we can only explain the 
beds of sulphate of soda in the valley of the Jarama by supposing 
them to have been deposited in a shallow lake formed by inun- 
dations, and containing a comparatively pure solution of sulphate 
of soda, which gradually concentrated by evaporation until the 
temperature rose above 35^, at which crystals of Thenardite 



Digitized by VjOOQIC 



of the Valley of the Jarama. 159 

began to be precipitated. The problem of how the solution of 
sulphate of soda was formed, or rather how it was separated 
from the other salts which in natural water are usually associ- 
ated with it, remains still unsolved, however. In the short 
description of the Kirghiz Steppes, which we have given from 
M. Ndschel, lakes of glauber salt are mentioned as having been 
formed where a particular bed of marly clay crops out, which 
abounds with the salt in question. These lakes are evidently 
mere catchment basins for the drainage of the bed in question 
If one of these dried down, as some of them do, a layer of sul- 
phate of soda would be formed, which would be Thenardite if 
the temperature at which the salt crystallized was above 35^, 
and mirabilite if below that temperature. 

How came the glauber salt in the. clay ? If we suppose a 
solution of mixed salts, instead of forming a clear lake, to im- 
pregnate a great mass of clay containing gypsum, the various 
reactions which we have described as t^ing place at different 
temperatures, would be greatly modified. Let us suppose a 
gypseous clay, impregnated with chloride of sodium, to be 
covered with snow for a considerable portion of each winter; 
the water which would drain away from the snow where it came 
in contact with the saline clay, would usually have a temperature 
below 0®. The salt dissolved by such water, would be able to 
decompose gypsum, and form chloride of calcium and sulphate 
of soda. The solubility of sulphate of soda being very little at 
temperatures below 0°, would crystallize out wherever concen- 
trated solutions of salt happened to have acted upon the gyp- 
sum. In this case a partial separation of the two salts formed 
by the decomposition would be effected, because the chloride of 
calcium would diffiise itself, and in some cases may even drain 
away. When the whole of the snow has melted, and the tem- 
perature has risen somewhat, the sulphate of soda and chloride 
of calcium, which may be in contact, do not immediately re- 
decompose each other, especially at temperatures below 20^. 
As the soil dries, capillary attraction brings *up water from 
below, holding all the soluble salts of the soil m solution in 
proportions, depending not only upon their solubility and mass, 
out especially also upon the relative facility with which the 
solutions of each ascend capillary tubes. The latter, in fact, 
exert a kind of elective power upon a solution of mixed salts, 
which, although extremely minute when studied during a short 
time, becomes an important agent for separating salts in process 
of time. Sulphate of soda is a salt which has a relatively high 
capillary power, and during the day, when the temperature 
would be warm, its solubility would rapidly increase, so that a 
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relatively large proportion of it would come to the surface. If 
heavy raiu, but of short duration, should then faU, having a low 
temperature, the deliquescent salts, such as the chloride of calcium 
and magnesium, and the sulphate of mamesia and common salt, 
whose solubility does not diminish much between 30° and 0*, 
would be removed more rapidly than sulphate of soda. The 
latter would thus gradually accumulate in the soil, and would 
at last effloresce as at Bahia Blanca and the Kirghiz Steppes. 
If sulphate of magnesia existed in the soil as well as gypsum, . 
the changes would be quite similar and more rapid, but the 
separation of the salts would not be complete until the whole 
olthe magnesian salt would be decomposed. 

The chief conditions, then, which should exist for the pro- 
duction of glauber salt in the soil are, 1. the impregnation of 
a rich, marly, gypseous soil with common salt, or with the 
addition of sulphate of magnesia; 2. a winter temperature some- 
what below zero for a considerable time, or better still, a coat- 
ing of snow for one or two months; 3. summer rains of short 
duration, a high summer temperature, and a general drvness of 
the atmosphere. But besides these, the phenomena would greatly 
depend upon a nice balance of conditions as to degree, alterna- 
tion, and duration of temperature, quantity and duration of rain, 
relative proportions of the different salts in the soil, and of the 
density of tne solution formed after each shower of rain, and, 
no doubt, many others also. But that such favourable circum- 
stances may occasionally coexist in some localities is proved by 
the Steppes of the Kirghiz, and the saline efflorescences of the 
Pampas and other localities. But similar changes take place 
more or less upon all saline steppe soils, so that sulphate of soda 
abounds in them at certain seasons. Some analyses of raw sodas, 
that is, the ashes of Halo^hytes of the Caspian Steppes, made 
by Professor 65bel,^^ seem to show that the quantity of alkaline 
sulphates varies very considerably with the seasons, as well as 
with the age of the plant. It is much to be regretted that we 
have not a series of analyses of the ashes of plants, and of the 
soluble salts of the steppe soib at different seasons and tempera- 
tures. The results would not only possess interest in connection 
with our present inquiry, but also throw much light upon the 
changes which take place in all soils to a greater or lesser extent. 

Let us now see how far the conditions which we have stated 
coexist, or did coexist, in the valley of the Jarama. Many 
years ago, A. von Humboldt noticed the fact that Madrid rests 
upon gypsum in part, which, as well as the clays around, is 

i& Rdse nach den Steppen des sudlichen BusBlands 2**' Bd. S. 108. 
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somewhat saline. Salt, too, occurs, as is long known, at Villa 
Rubia, near Ocana, south-west of Aranjuez. Again, we have 
the authority of Don J. Ezquerra del Bayo for the existence of 
considerable deposits of salt in the Tagus basin. It matters not 
for our purpose whether all, or indeed any, of these deposits are 
in the tertiary or in the cretaceous formations, provided it be 
proved that the clays forming the soil are impregnated with salt. 
Again, abundance of magnesia exists in the marly ckys and in 
the lacustrine limestone which forms the upper tertiary deposits. 
The great river basins of central Spain must have consisted at 
one time of a series of great lakes, not unlike the Canadian 
lakes, during and at the close of the tertiary period. After the 
partial drainage of these lakes in the Tagus basin, and before the 
complete erosion of the river valleys, certain portions of country 
along the lines of the rivers must have been subject to periodic 
inundations, which formed shallow lakes like those now found 
along the course of the Mississippi and its confluents. The cen- 
tral table-land of Spain is subject to considerable extremes of tem- 
perature ; in summer the temperature in the vega of the Jarama 
oflen exceeds 50®, while in winter it is sometimes covered with 
snow.** There is a certain periodicity in the rain-fall, so that 
during certain periods of the year the atmosphere is very dry. 
Plate II. shows, what one may have anticipated, that the country 
to the north, east, and west of the present vega of the Jarama, 
and of what was once the sulphate of soda lake, is higher, and 
drains towards the Jarama. 

Over the marly gypseous saline soil drained by the Jarama 
and its confluents, during the winter the temperature is sufB- 
ciently low to allow of the decomposition of the sulphates of 
the alkaline earths; while during the summer, the surface soil 
dries up, even the small torrential river beds become dry, so 
that all the capillary changes which we have above described 
could have taken place. During the heavy torrential rains the 
salts in the upper layer of the soil would be washed out, and 
with them would have been carried a quantity of line mud. 
Part of both would be carried into shallow lakes, which duriuir 
summer would gradually concentrate and become so shallow 
and concentrated that the temperature of the saline solution 
would rise beyond S5®. As the sulphate of soda would have 

i< At Madrid itself, in 1857, the maximum temperature observed in the shade 
was 89^4 Cent. ; the coldest day had a mean temperature of 4^ Cent. ; the maxi- 
mum cold reached ^10^4 Cent. Only during three days the temperature re- 
mained fully below 0^ Cent. But during six montha (from NoTember to April) 
frost may occur at any time. R4sumen de los trabajos MeteorologicoM corr. al 
Ano 1854, Vtrif. en s/ R, Obstrv. de Madrid^ 1857. 
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OTadually accumulated in the upper layer of the soil, as before 
described, the lakes formed by the inundations which lisiviated 
such a soil would hold almost entirely sulphate of soda in solu- 
tion, and consequently when the latter would crystallize out at 
a temperature above 35^, it would be anhydrous. During the 
evaporation of the water a portion of the mud would gradually 
precipitate, and upon this would deposit a layer of anhydrous 
salt. As the fine mud or greda would not all deposit in a satu- 
rated solution, just as in the shallow lakes of the Earghiz Steppes 
described by M. NSschel, the crystals of Thenardite would always 
contain more or less intermixed clay. 

At length the whole body of water may have dried down, 
as we find actually taking place in the la&es around the Aral 
Sea. This drying down may have been annual, or, like the 
periodic lakes produced by the Mississippi, may occupy a very 
long time. We may look upon each of the groups of layers 
into which, as we have above described, the deposit may be 
divided, as the result of such a drying down, the thicker layer 
of mud which exists at the base of each group being the deposit 
formed before the point of saturation was reached. In this way 
we should expect to find the mud diminishing as we ascend, and 
the salt thicker and purer, which is exactly what we find, as we 
have above described. According as the deposit increased in 
thickness, it would become jointed firom pressure, contraction, 
etc. Into these joints or cracks water would penetrate, and 
hydrate the salt along the planes of firacture ; the hydrated salt 
thus formed would occupy more space than the anhydrous salt 
firom which it was formed, and would consequently again seal 
up the cracks and prevent the further action of the water. At 
each successive inundation a portion of the upper layer forming 
the bed of the lake would become hydrated, and would dissolve 
in great part in the solution before it attained the point of satu- 
ration by evaporation. In this way a saturated solution would 
always be in contact with the bottom, and would to a great 
extent prevent the hydration of the subjacent salt. When at last 
the lake, as it approached saturation, attained a temperature of 
33^, any undissolved hydrated salt at the bottom would be taken 
up by the solution, as it would then possess its maximum power 
of dissolution. A few degrees above this the solubility would 
again diminish, but the salt would now separate in an anhy- 
drous condition. So in like manner any hydrated salt thrown 
down in winter would be redissolved in summer. 

The length at which we have discussed the formation of alka- 
line sulphat^ firom the sulphates of the alkaline earths, indicates 
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sufficiently our predilection for that mode of explanation of tbe 
sulphate of soda of the Jarama. Nevertheless, it may be useful 
to indicate another source of the salt. .It is well known that 
many salt springs contain glauber salt in considerable quantities; 
among these may be especially mentioned the celebrated warm 
springs of Carlsbad, which, according to Gilbert's estimate, pour 
out about 130,000 cwts. of carbonate of soda, and 200,000 cwts. 
of glauber salts annually. If such springs existed in the central 
plateau of Spain, they may have given rise to the formation of 
small lakes in which the water would become gradually saturated 
with different salts, the predominant one bein^ sulphate of soda. 
During winter the rain would carry into such lakes a quantity of 
fine mud, which would form a layer upon the top of the salt 
which had crystallized out the previous year. As the water 
bearing this mud into the lake would dissolve much gypsum, the 
latter would be precipitated along with the mud, as it is less 
soluble in sulphate of soda than in pure water. Such a precipi- 
tation of sulphate of lime would of course take place, no matter 
whence the sulphate of soda came, so that the observation just 
made applies equally to the hypothesis which we have first dis- 
cussed. In summer, anhydrous -salt would be precipitated under 
the same conditions as we have already fuU^ described. Indeed 
the only distinction between this hypothesis and the one before 
discussed, would be, that in the first the sulphate would be formed 
at the surface, and in the second at some depth in the earth. The 
latter is, however, so far unsatisfactory, that while it requires the 
agency of springs on a large scale, it really offers no solution of 
the real problem, and merely shifts it a stage backwards where 
we would have to call to our aid all the reactions of the first 
hypothesis. 

In the commencement of this article we mentioned an important 
observation of MM. De Verneuil and De Loriere, that springs 
are numerous at the junction of the cretaceous and tertiary forma- 
tions in the central plateau, which may hereafter be connected 
with these sulphate of soda deposits. We may also mention that 
such a sulphate of soda spring occurs at the salt works of Espar- 
tinas, near Aranjuez, and that crystals of Thenardite are formed 
during summer from the water of this spring. It was indeed to 
crystius thus formed that the name of Thenardite was originally 
given by Prof. Casaseca.*' This spring may in fact be connected 
with some great deposit of sulphate of soda like that of the Jarama. 
This suggests a whole train of speculations regarding the changes 
which have taken place in the valley of the Tagus, which we 

^^ Annal. de Cliim. et de Pbys., xxxii. 308. 
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cannot now discuss, because it would lead us too far, and 
especially it would be necessary first to minutely investigate the 
wnole plateau. 

In attempting to explain the origin of the sulphate of soda 
beds of the Jarama, we have assumed that the maximum and 
minimum temperature of central Spain does not essentially 
differ from that which prevailed at the period of their depo- 
sition. Whether our explanation be correct in all its details 
or not, there can be little doubt that this assumption is strictly 
true. Indeed the fact just noticed, that Thenardite is still 
formed during the summer in the very district where the 
great beds of it were anciently formed, is a decisive proof 
of the general correctness of the assumption. We have already 
stated that the beds of the Tagus basin are generally con- 
sidered miocene, although some of the lower beds appear to 
be eocene. The beds of sulphate of soda must, however, be 
considered to be posterior to the whole series of beds described 
by Don Casiano de Prado, for pieces of the white lacustrine 
limestone, which he considers as the uppermost member, are 
xound in great abundance in the clay both underlying and over- 
lying the Fulphate of soda. But'in the absence of more complete 
evidence than we have at present, it would be premature to 
decide whether they are pleiocene or post-tertiary. In either 
case, the evidence which those beds afford of the climate of 
Spain having undergone no greater change during or since 
their formation, than perhaps what would result from the culti- 
vation of the soil, which has everywhere a tendency to mitigate 
the cold of winter, is both interesting and important. 

The remarkable analogy which exists between the hallurgical 
phenomena of the central plateau of Spain and those of th 
Aralo-Caspian steppes, suggests another interesting one between 
the two regions. Here we can do no more than point to it; to 
discuss it would be too great a digression from our proper 
subject. The plateaus of the Iberian Peninsula appear to have 
been elevated later than the nummulitic beds, but before the 
close of the eocene period. During the miocene period, the 
great river basins of the Ebro, Duero, Tagus, and Guadiana 
were, as we have above stated, great fresh- water lakes, which 
were gradually drained during the subsequent periods, accord- 
ing as the river valleys were eroded. The position of Spain 
itself, the close proximity of high chains of mountains, caused 
more rain to be precipitated than could be carried off by evapo- 
ration, and hence the rivers reached the sea. But, had the 
evaporation equalled the rain-fall, a series of continental basins 
would have been formed, from which no water would flow to 
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the sea. In tirae, the salts brought into the lakes by the rivers, 
would have Accumulated, and they would have become salt 
lakes. The salt and bitter lakes which exist still in the central 
plateaus, show us how this took place here and there on a small 
scale during the drainage of the great lakes. 

Such are the changes which are even still in process in the 
Aralo-Caspian steppes. We have already stated that Von Hel- 
mersen considers the beds of this region to be marine eocene. 
After the deposition of these beds, the region appears to have 
become dry land, and, perhaps, to have remained so during the 
miocene and pleiocene periods, when it began to sink again 
below the level of the sea, which, in consequence of intervening 
high land, could not flow over it. It has, however, become the 
catchment basin of a large river system, the waters of which 
have accumulated in the Aral and Caspian Seas. The small 
quantity of salt in the latter shows that it was once fresh, and 
that now it is becoming salt by the gradual accumulation of the 
salts brought in by the rivers. We may admit that a small salt 
sea may have existed in the deepest part of the depression, a 
relic of the eocene sea, and that the gradual increase of water 
diluted this salt water. In any case, the salt of the Caspian 
Sea must now be increasing absolutely, if not relatively to the 
amount of water. But, if the opinion be correct that the water 
of the whole region is slowly diminishing, that is, that the eva- 
poration exceeds the supply, then the relative as well as the 
absolute saltness of the Caspian Sea must be increasing. 

The preceding observations suggest an important matter for 
the consideration of geologists, with a few observations upon 
which we shall conclude. One of the most universally dif- 
fused rocks is common salt. It occurs in every formation, 
from the Silurian to those now in progress, and is met with in 
almost every part of the globe, and often in immense masses. 
The quantity dissolved in the ocean is enormous. Taking an 
old and rough estimate of Breislak, it would amount to a mass 
sufficient to form a globe of above 135 miles in diameter. This 
quantity must have greatly fluctuated in different geological 
periods. Changes of level of land, the elevation of mountain 
chains, etc., must have isolated parts of the sea; these dried 
down when the evaporation exceeded the supply of water, and 
left the salt. It is in this way that all the great deposits of salt 
were formed, — an opinion which is quite independent of any 
hypothesis which may be selected to explain the first origin of 
salt. 

Every rock is acted upon by water, and in time will decay. 
If this De so with granite and quartzite, how much more so is 
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it true of common salt? Every spring which rises from salt beds, 
carries away to the ocean large quantities of it. ' The quantity 
thus carried away annually is really enormous, and in every 
formation we may find evidence of salt that had once existed 
but has dissolved out. Sometimes the removal has been so 
slow that something else was substituted for the salt, as in the 
case of the remarkable thin beds of limestone in the form of 
rock-salt, in the muschel-kalk of the Weser, described by 
Hausmann and Striiver." Generally, however, nothing was 
left, and as the salt was removed, the superincumbent rocks 
sunk. When we recollect that rock salt forms sometimes 
masses 200 to 300 feet in thickness, there can be no doubt that 
in the crystallization and slow resolution of common salt, we 
have a dynamic agent of great power, and one, too, which is 
capable of explaining many phenomena of dislocation and 
faulting, apparent conformability, etc., which have hitherto 
been inexplicable upon any simple rational hypothesis in con- 
formity with existing cosmical phenomena. 

This dynamic agency has been frequently put forward by 
chemists; on the other hand, geologists have made numerous 
calculations to prove that the quantity of matter carried away 
in solution by such springs as Carlsbad would even in ten 
thousand years be trifling in comparison with the faults, valleys, 
etc., which we find in the localities where they occur. That the 
chemists have attributed too much power to such agencies may 
be readily granted ; but, on the other hand, the geologists have 
depreciated their effects, because they have estimated them by 
the results which they could produce in comparatively short 
periods of time. Now, however, that the value of geological time 
is better understood, we have no doubt that hallurgical pheno- 
mena will receive that attention from a mechanical, as well as from 
a chemical point, which their immense importance deserves. 

*« Bischoff— Lebrbuch der cbemiscben Geologie II. 3, pp. 1686-1687. 
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LACUSTRINE DOLOMITIC LIMESTONE. 



IN the foregoing paper " On the Deposit of Sulphate of Soda 
in the valley of the Jarama", a white or grayish-white 
silicious dolomitic limestone was frequently mentioned. It 
appears to occur extensively in the basin of the Tagus, and a 
smiilar rock in the basin of the Duero. Along with the granite 
of the Guadarrama range, it is extensively used as a building 
material at Madrid. Its fine texture and beautiful grayi^-white 
colour, which it appears to preserve indefinitely when exposed 
to the air, renders it a valuaole material for ornamental carved 
stone work, and even statuary. The presence of magnesia and 
silica in considerable quantities in a freshwater limestone is so 
unusual, that an analysis of it may be interesting. 

It is extensively worked near Colmenar de Oreja, which is 
situated on the high ground to the east of the sulphate of soda 
deposits, and between the valleys of the Jarama and upper Ta^s. 
Lumps of it are abundant in the beds of clay and gypsum under- 
lying and overlying the beds of sulphate of soda. It would thus 
seem that part of the valley of the «l arama has been eroded out of 
beds of this rock. The specimens examined were from this source. 

A large lump of it snowing perfectly sharp fractures and no 
appearance of having been roUed, was not of uniform texture or 
colour. One part of it was harder and closer than the rest; the 
colour of this part was grayish-wliite, and broke with a distinct 
conchoidal fracture, exactly like lithographic stone, which it 
resembles very much, and may no doubt be used for such a pur- 
pose. The other and smaller part was not so close in the grain ; 
Its appearance was much more chalk-like, and its colour much 
paler and having more of a yellow tinge in it. 

When a fragment was treated with hydrochloric acid, it slightly 
effervesced, but the acid penetrated very slowly, especially the 
harder part, and afiragment one inch long and three-eighths of an 
inch thick, treated for about two months with concentrated 
chlorhydric and sulphuric acids, which were almost every day for 
four or five hours at a temperature of 80° Cent., and often higher, 
had not lost all its carbonates. When powdered it was decom- 
posed with great facility by chlorhydnc acid, which dissolved 
the carbonates of lime and magnesia, and left a grayish powder, 
which, when burnt, was a beautiful white meal, which readily 
dissolved in a solution of caustic potash. The solution was 
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complete, except a few floculi, wUch looked like a very acid 
silicate of alumina, for on evaporating the solution and fusing 
the residue, then decomposing the fused mass with chlorKydiic 
acid, and heating strongly to render the silica insoluble, am- 
monia and chloride of ammonium precipitated after long standing 
very slight floculi, which gave the characteristic reaction of 
alumina with salts of cobalt. The solution, after the separation 
of the alumina, gave a precipitate of ammonio-magnesian phos- 
phate. The potash solution of the silica of every fragment 
analysed contained some magnesia in solution. Ho trace of 
organization could be detected in the silicious residue, even with 
a ma^ifying power equal to 590 diameters. It appeared, as 
seen m tne microscope, to consist of perfectly amorphous small 
irregular opaque lumps, such as would be obtained by drying a 
gelatinous mass. 

The following table contams the result of the analysis of 
several fragments, the denser ones being distinguished from the 
paler coloured and more porous ones: — 





DENS 


E. 


POROUS. 




I. 


n. 


m. IV. ▼. 


CaO,CO, 


. 32-767 


33-839 


39-502 


MgO,CO, . 


. 21-746 




26-460 


FeO,CO, . 


0-813 




0-782 


C5aO,SO, 


. Slight trace, 


0-891 


HCl, . . 


n 




Minute trace. 


S,0, . . . 
MgO, as SiHcate, 


39068 


38-92 


27-870 29-26 25-880 


0-400 




0*432 


A1,0, as Silicate, . 


Trace. 
6-267 




Trace, 
4-366 


Organic Matter, 


. 0-020 


• 


Not determined. 



100-071 



99793 



From the preceding numbers it would appear, that the dif- 
ference between the dense and porous rock is due to the relative 
proportion of silica; it also appears from the foregoing that the 
silica is hydrated. The ratio of water and silica in No. I. might 
be represented by the formula 3SiO„HO. In the porous part 
there is more water than this formula would represent; this 
may, however, be due either to the hygroscopic water, or to 
some slight trace of carbonic acid being driven off from the 
magnesia. The ratio of the Ume and magnesia in both spe- 
cimens, is practically the same, and may be represented lt>y 
})CaO,CO,+8MgO,CO,. In both I and III. the actual quan- 
tity of ma^esia is somewhat greater than what this formula 
would require, so that it approaches almost to true dolomite. 

It would appear, therefore, that this rock is a dolomitic mud, 
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permeated by amorphous hydrated silica, a composition which 
completely explains its durability. 

The existence of meerschaum, or hydrated silicate of ma^esia, 
2MgO,3SiO,+2HO, accompanied by halb opal, a variety of 
hydrated silica, calcedony and homstone in a marl bed at Vallecas, 
near Madrid, and likewise in the basin of the Duero, suggests a 
connection between those minerals and the silicious dolomite. 
Such a connection is made more probable by the occurrence of 
fossils of Helix^ which, with many species of fresh-water shells, 
are abundant in the lacustrine limestone of the central plateau, 
converted into meerschaum. Another fact which favours it is 
the occurrence of pseudomorphs of meerschaum after calcite in 
the druses of the former, observed by M. De A mar.' Breithaupt 
does not give the form of calcite, and as he complains that 
there was no detailed description in his original authority, it is 

f)robable M. De Amar does not mention it. It may be that the 
brm was a rhombohedron, and was not calcite, but dolomite 
spar, the metamorphosis of which into hydrated solicate of mag- 
nesia may be easily explained, while that of pure calcite cannot. 
It is well known that silica in contact with carbonates of lime 
and magnesia, held in solution in water by carbonic acid, gra- 
dually combines with them, but especially witii carbonate of 
magnesia. If this takes place between anhydrous q^uartz and the 
earthy carbonates, it must take place witii great faciUty when the 
silica is hydrated. In the dolomite under examination, a small 

?uantity of magnesia is indeed already combined with the silica, 
f it were to be acted upon by water holding carbonic acid in 
solution, it is probable that the whole of the mne would be gra- 
dually removed, while the magnesia would slowly combine with 
the silica. If the whole of the lime of No. I. were removed, the 
magnesia would be nearly sufficient to convert the silica into 
meerschaum. In No. IIL the magnesia would be far more than 
sufficient. In the former case calcedony or halb opal may be 
formed, minerals which, as has been above mentioned, are 
associated with meerschaum: in tiie latter case, carbonate of 
magnesia would be carried off along with carbonate of lime. 
Calcite is also found with the meerschaum, thus completing the 
chain of evidence. 

But it is not at Vallecas alone that meerschaum appears to be 
connected with silicious limestone. At Coulommiers, and at 
Chenevieres, near Paris, a bed of hydrated silicate of magnesia, 
from 0""*20 to 0"'40 thick, occurs in the upper marls of the CaU 
eaire de la Brie^ and having the same laminated structure as the 
marls. The peach-coloured hydrated silicate of magnesia, called 

* Breithaupt— Die Pseudomorphosen, S. 25S. 
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Qumcyte, which occurs in the midst of the firesh water limestone 
of Mehun and of Quincy, is very like the Vallecas mineral in 
composilion. And lastly, the celebrated deposit of meerschaum 
at Eoltschick, in Natolia, consisting of a bed 2"' thick, associated 
with a whitish-gray limestone, appears to offer a considerable ana- 
logy to the Spanish mineral. We do not know whether any one has 
aimyzed the limestones associated with those silicates of magnesia, 
but It would be interesting if they were found to be dolomitic. 
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On some curioua molecular changes produced in Didlicate of 
ZinCy and some of its compounds with carbonates^ by the auction 
of heat By W. K. Sullivan. 

IN a note which I communicated to the Royal Irish Academy,* 
I gave an account of some very ciirious molecular changes 
which were producedby the action of heat on the peculiar pisolithic 
compounds of disilicate and dicarbonate of zinc, described in the 
preceding paper, and for which the general formula m(2ZnO,Si02) 
+n(2ZnO,COj)+|)HO,was proposed. As the phenomena ap- 
pear to support the isomorphism of the carbonate and silicate 
of zinc, and are, although their cause be still obscure, very in- 
teresting, I think it will be useful to complete the subject of the 
preceding paper by printing here the substance of the note com- 
municated to the Academy. 

When fragments of the pisolithic silicates were heated to drive off 
the hydrated water, they became of a bright lemon yellow colour, 

?assinff into orange ; on cooling, the colour almost wholly faded, 
'he phenomenon is just like what is observed with white oxide 
of zinc, except that the latter never yields so bright a yellow as 
the silicates do. The change appears to take place at a little above 
the temperature of melting lead; at a redness just visible at day- 
light the colour of the fragments changes to green, which is 
sometimes of a deep verdigris-green. On removing the lamp 
for a moment from under the crucible containing the fragments, 
they suddenly became yellow. When the temperature was in- 
creased by mdjans of a blow-pipe, the colour again became 
yellow. On allowing the crucible then to cool, me colour of 
the fragment changed successively from light yellow to 
verdigris-green, then to bright orange-yellow, which became 
paler as the cooling proceeded, until the fragments became 
nearly white. On bemg heated, the chromatic scale was re- 
versed, so that the changes could be observed both during the 
heating and cooling. The changes took place very rapidly, ac- 
companied by a kind of phosphorescent glow, wluch was very 

* Procwdings of the B. I. Academy, yoI. yiii. p. 55. 
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beautiful, and could be repeated apparently any number of times 
with the same fragments. The latter circumstance shows that 
the phenomenon can take place after the loss of carbonic add. 
When the mineral is in fragments the phenomenon is best seen; 
when reduced to very fine powder, it almost wholly disappears. 
Silicate, which contains hardly any carbonate, and which it is 
very difficult to reduce to a very fine powder, exhibits it better 
when powdered than the silicates containing very little silica, 
although the latter act better in fragments. The hydrocar- 
bonate 3(ZnO,CO,)+5(ZnO,HO), described in the preceding 
paper, does not exhibit the whole chromatic phenomenon; it 
merely becomes yellow, like oxide of zinc; some specimens, 
however, show faint traces of green. In the reniform masses, 
consisting of alternate shells of disilicate and the hy drocarbonate 
in question, so extremely thin that they can scarcely be distin- 
guished by the eye, the separate layers may at once be recog- 
nized on heating some fragments, by the alternate lines of green 
and whitish yeUow, the former being the silicate, and the latter 
the hydrocarbonate. 

The development of the yellow colour is not peculiar to either 
carbonate or silicate of zinc, b]it belongs to the oxide of zinc ; 
and it is not due to any impurity, for oxide prepared with the 
greatest care, and perfectly free from any trace, capable of being 
indicated by reagents, of iron, lead, or cadmium, becomes yellow 
when heated. But the green colour, and especially the ascend- 
ing and descending alternations of yellow, green, yellow, appear, 
flo far as I have seen, to be peculiar to the (fisilicate, and wnat in 
the preceding paper have been considered to be compounds of disi- 
licate and dicarbonate. Both colours, too, may be observed in na- 
ture ; but only in the neutral carbonate. Bright lemon yellow 
Smithsonite is very frequently met with, especially in r^oiform 
mineral ; and at Merodio, lemon yellow reniiorm Smithsonite, of 
exactly the same composition as the pure translucent Smithsonite 
whichaccompaniesit,isfoundassociated with the leek green fibrous 
carbonate described in the preceding paper at p. 95. The change 
of yellow to green may be connected with the hemi-morphism to 
which the pyro-electnc properties of disilicate of zinc are due. 
If this were so, it would not only imply that the dicarbonate 
was also hemi-mprphic, but that the molecular grouping to 
which the hemi-morphism of the disiUcate of zinc is due, exists 
to some extent in the molecules before they begin to form crys- 
tals, because the pisolithic compounds are perfectly colloid. It 
may be objected, that as the change takes place in the com- 
pounds just mentioned after the carbonic acid has been driven 
off, the phenomenon can have no connection ^with that of the 
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hemi-morpliism of dicarbonate. This objection is, however, we 
think, met by the fact, that when fragments of a mineral con- 
taining carbonic acid are heated so as to drive off the acid, they 
still retain their original form, and consequently any phenome- 
non dependent upon form would not be much affected by the 
loss of the carbonic acid; an opinion which is borne out by 
the fact that the phenomenon is not produced by the pow- 
dered mineral. 

Whatever be the cause of the phenomenon, it is extremely 
curious ; and the fact of the complete chromatic change being 
confined to the disilicate, and to the pisolithic compounds which 
have been supposed to be formed of dicarbonate and disilicate, 
appears to me to support the formulas assigned to those bodies in 
a very curious way. 
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tWith a view to facilitate reference, all the genera and species of fossils mentioned in this 
work have been alphabetically arranged under the word " Fossil"; all names of places under 
** Qkooeaphical Names" ; all mineral species under '* Mikxsal" ; all mines under ** Mms"; 
and all names of persons under '' Names of Pbbsons**. 

The more important mines are likewise given among the geographical names, and the more 
Important minerals in the general alphabetical order.] 



Acicular carbonate of lead found at San 
Bartolomei 92 ; Smithsonite of Me- 
rodio, 95. 

Age of rocks of Santander, discussion 
of, 42, 43, 44 ; of deposit of hjdro- 
carbonate of Dolores, 1 1 9, 1 34 ; geo- 
logical, of ores of Province of San- 
tander, 120, 133, 134; of mineral- 
ized joints of, 134; of limestone of 
Central Spain, 139 ; supposed, of beds 
of sulphate of soda, 164 ; of beds of 
Aralo-Caspian region, 165. 

Alum, production of glauber salt from 
common salt and, 150- 

Alkaline earths, presence in blende and 
galena of sulphates of, 102, 103 ; va- 
riation of sulphates of^ in Halophy tes, 
according to season, 160; sulphates 
of, decomposed during winter, 161. 

Amber foimd in sandstone on W. side 
of Comillas Bay, 24. 

Analysis, of blende of Andarra, 102 ; 
of blende of Tresviso, 102 ; of Smith- 
sonite of Merodio, 103 ; of concre- 
tionary Smithsonite of Beocin, 104 ; 
of calamine of Esmeralda, 104 ; re- 
sults of, of hydrocarbonate of zinc, 
107 ; of zinc bloom, 110; of flue balls 
of silicate of zinc, 112; of fibrous 
hydrated disilicate of zinc, 1 14 ; of a 
stalactite from Dolores, 1 1 5 ; of moss- 
like hydrocarbonate exemplifying 
displacement of water by silica, 116; 
of curious globular silicate of zinc, 
116; of dolomite forming wall of 
joint, 121; of four different parts of 
San Roque silicated ore, 125 ; of clay 
of San Roque ores, 127; of Then- 
ardite, 146; of hydrated sulphate of 
soda, 147; of scums and scales of 
salt pans, 149 ; of mother liquors of 
Moutier, 151 ; of water of Kigatsdi 
Lakes, 152 ; of Astrakanite, 152 ; of 
dolomitic limestone of the valley of 
the Jarama, 170. 

Anhydrous, formation of, carbonate of 
zinc, 130; sulphate of soda, effect 
of air and moisture upon, 145, hy- 
dratation of, 146, formation of, 148 ; 



argument deducible from the deposit 
of— sulphate of soda of the Jarama, 
156, mode of its formation, 162-163. 

Anoplotherium, bones of, in basin of 
Tagus, 140. 

Antelope, bones of, 140. 

Arborescent configuration, beautiful 
coral-like, of hydrocarbonate of zinc, 
91. 

Astrakanite, analysis of, 152; corres- 
ponding artificial compound, 152; 
formed by precipitation, 158. 

Baccillary structure, conditions produc- 
ing, 98. 

Balls, white hard balls of Dolores, 92 ; 
cup-like depressions containing, 100 ; 
of hydrocarbonate of zinc analyzed 
by M. Terreil, 105; of pisoUthic 
silicate of zinc. 111, 112; difference 
of composition between shell and 
nucleus. 111; formulas representing 
composition of silicated, 115. 

Barytes, sulphate of, abundance of, at 
Florida, 71; coating blende, 83; 
crystals of, after bitter spar, 87; 
network of, in Florida ore, 89, iden- 
tical with barytes of Bagn^res de 
Luchon, 89 ; veinstone of, at Yies- 
go, 93; crystallized, at La Cabada, 
94; formation of, by springs of 
Bagn^res de Luchon, 122 ; of Flori- 
da connected with a hot spring, 132. 

Bones found fossil in the cavern of 
Dolores, 66 ; effect of zinc solutions 
on fossil, 118 ; state of the fossil, 
before they were enveloped in zinc, 
119; fossil, of tertiary beds of basin 
of Tagus, 140. 

Botryoid^ structure, observations on, 
96 ; formation of, masses, 98 ; causes 
of the production of, 99 ; silicates, 
existence of, in joints explained, 99 ; 
of hydrated silicate of zinc, 116. 

Bitter spar, crystals of, 60; lining 
joints of dolomite, 87. 

Blende, 19 ; in valley of Ubierca, 31, 
64, 66, 68; rarity of, at TresviM, 
79; near Beynosa, 80; of Com- 
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illas, 83; massiye, of Comillas, 
84; of Emilia mine, 87; of Florida, 
88 ; passage of, into galena, 88 ; 
spheroidal, 88 ; from Fnente Viesgo, 
93; garnet coloured, 94; of Tres- 
yiso, 96; of Penas de Europa, 96; 
of Andarra, 102 ; new, fmrmed at 
Comillas, 122. 
Brine, reaction in, containing sulphate 
of magnesia, 148 ; formation of 
" scales" during hoilmg of, 148, 149 ; 
effect of cold winters on, 150 ; tem- 
perature at which reactions take place 
in, 156. 

Calc spar found at Viesgo, 74 ; crystals 
of lining joints, 87 ; yeinstone of, 94 ; 
enyeloping blende, 94 ; pseudomor- 
phites after, 94. 

Calamine, v. Smithsonite, and silicate 
of zinc. 

Capillary power of solutions, influence 
of, 99; .interrenti<m o^ in produc- 
tion of sulphate of soda, 159; elec- 
tiye power of, in solutions of mixed 
salts, 159; faYOuredbj summer tem- 
perature, 161. 

Carboniferous formation, expUination of 
the junction of the nummulitic with 
the, near the Deya, 47, 48; true 
boundaries of, 48. 

Cayems in limestone of Santander, 
probably contain fossil bones, 12 ; 
bone, of the Meuse, 12 ; of Dolores, 
66. 

Cayity of San Bartolome, 63, 64 ; in 
blende of Comillas, 83 ; cubical 
cayities, 85; filled with clay, 89, 90. 

Cellular structure of Smithsonite in ge- 
neral, 85 ; of surface of ores, 94. 

Cenomanien {Terrain), beds represent- 
ing, 40. 

Ceryus, bones of, 140. 

Chalk, beds conespoDding to white, 140 ; 
beds representing marls, 38, 39. 

Chlorhydric acid, action ai^ on 
Smithsonite of Florida, 89 ; on lime- 
stone of the yalley of the Jarama, 170. 

Clay, beds of, 20 ; at Mercadal, 30 ; fine 
plastic, found with ores, 60 ; yeins 
of soft green talcoae, at Viesgo, 75, 
94 ; pinJdsh flesh coloured, aocom- 
panymg quartz crystals at Viesgo, 
75, 94 ; indurated red ochzeous, at 
ViesgjD, 75; decomposition of, 75; 
deposit near Reynosa of, 80; brown 
soapy, fiUmg cayities cif ores, 89, 
90; of San Roque, 127; similarity 
of the cUys of San Roque with those 
of other mines, 127 ; connection of 



mineralized bodies with alluyial, 
129, 130, 135 note ; distinctiye cha- 
racter of the ckiy of San Roque, 128 ; 
probable changes which it has under- 
gone, 129; green pListic, accom- 
panying Th^ardite, 144; yellowish 
gray, of Aralo-Caspian Stei^MS, 153. 

Cleayage, rhombic diaracter of the, 
of globuhir galena, 88 ; of Then- 
ardite, 144, 145 ; tarnishing of the 
lustre of the planes of, 145. 

Climate of Central Spain, constancy of, 
164. 

Colloid state, passage of a substance 
from the, to the crystalloid, 98; 
substances which cannot exist in the, 
98 ; partial drying up of a cdhnd 
body, 98 ; bodies not fayourable to 
formation of stalactites, 100 ; hy- 
drate formed by colloid bodies, 108 ; 
class of substances between crystal- 
loid and, 108. 

Colour, leek green, of Smithsonite of 
Merodio, 95; of blende, 96; of The- 
nardite, 144, 145 ; changes of, in cer- 
tain combinations of mlicate and car- 
bonate of zinc, 176. 

Concentric formation of blende, 83. 

Conglomerate of the yalley of Fotes, 12, 
15 ; beds of, at Pico Jano, 82 ; of 
blende and Smithsonite, 86; of hy- 
drocarbonate occurring in Dolores 
mine, 91. 

Copper ore, 15 ; pyrites, 73 ; carbmiate 
of, 73 ; thin yein of, 74 ; traces of 
copper at Tresyiso, 78, and near 
Barcena, 80 ; nune of, near Reynosa, 
80 ; mine of Pico Jano, 80, 81 ; sili- 
cate of, colouring ore, 95. 

Cretaceous fbrmation, patch belonging 
to, near Aleyia,14 ; fossils characteris- 
tic of, 30; north of Santander, 32; 
horizons o^ m Proy. of Santander, 38 ; 
pUices at which they occur, 88 ; ap- 
parentconformability of , with Jurassic, 
39 ; character o^ in the Proy. of San- 
tander, 39; the tliree itctgts of, re- 
cognized by M. d'Archiac in the Can- 
tabrian Pyrenees, 40. 
Crystalloid state, 9^ ; class of substances 

between coUoid and, 108. 
Crystals, of Blende precipitated ftom 
solution, 84 ; small, ooyered by film 
oi crystalline carbonate, 84 ; agglo- 
meration o^ forming mass of The- 
nardite, 145 ; transparency of small, 
146 ; temperature at which — of anhy- 
drous sulphate of soda are precipi- 
toted, 148. 
Cross courses, at Ventala Vega, 56 ; at 
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Vlcenta mine, 60 ; in valley of Udiat, 
68; at Florida, 72. 

Dendrites, beautiful, upon bydrocar- 
bonate of Udias, 91. 

Dip of beds in upper yallej of Deya, 
12; at Alevia, 14; at Florida, 16; 
at ComUlas, 19, 21 ; change o^ in 
yalley of ComiUas, interesting re- 
lation with the mines of Comillas, 
25 ; between the sea and Monte 
Yispieris, 31; N. of Santander, 34 ; 
of dolomite at Clguenza, 59; of beds 
at Bujloba, 62; of table land of Al- 
gora, 140. 

Dicarbonates, v. Zinc, dicarbonate of. 

Disilicates, v. Zinc, disilicate of. 

Dislocations, important, in Cantabrian 
chain, 27 ; hypothesis of, 43 ; at Vi- 
centa mine, 60 ; of beds of Dolores, 65. 

Dogtooth grouping of crystals, 94. 

Dolomite, mass of, at Florida, 16, 17; 
occurrence of, apparently tertiary, 
at Yicenta, 18; occurrence of, be- 
tween the Rabiaand San Vicente, 17, 
18; principal bed of, in section II., 
17; in trough of yalley of Comillas, 
19, 32; of yaUey of tJdias, 21, 31; 
at Yenta la Yega, 21, 31 ; of yalley 
of Pelurgo, 24; of Beocin, 30, 31, 
32, 69, 72 ; of Mercadal, 30, 31, 33, 
70, 72 ; of Clguenza, 31; of the Fortuna 
mine, 31; of Ubierca, 31, 32; near 
Pena Castillo, 34 ; in Bay of Santan- 
der, 34 ; importance of bed of, 38 ; 
horizon formed by, 39 ; probably con- 
tinuous into Proy. of Biscaya, 44 ; of 
San Pedro, 44 ; of yidley of Noyales, 
58 ; intimate mixture of blende with, 
60; of Buyloba, 62; probable con- 
tinuity of the, of Florida, Beocin, 
and Mercadal, 71; at Yiesgo, 75; 
dolomitic limestone near Beynosa, 
80, 81 ; haematite in joints of, 121 ; 
analysis of; 121 ; chemical action of, 
on ores, 121 ; iron ores of the Proy. 
of Santander probably derived firom 
the decompotttion of, 121 ; of valley 
ctf the Tagus, 140; of the ydHey of 
the Jarama, 170. 

Dripping of water, phenomena pre- 
sented by, 67. 

Drops, wlute opalescent, 86 ; essential 
conditions for the formation of^ 97 ; 
folutioas producing large, 98. 

Druses contaming crystals in ores, 86, 
87, 

Dyke, connection of ochreous, with the 
hot springs of Hermida, 76 ; ores as- 
sociated with, 78. 

Erosion, action of, in produoing river 



valleys, 26 ; evidence of this action 
on a grand scale in the Frov. of 
Asturias, 27 ; erosive action of the 
river Jarama, 142 ; evidence afforded 
by it, 143. 

SscoUos, 28, 29. 

Evaporation, itfluence of, on structure, 
97 ; action of, in producing sulphate 
of soda, 147 ; action of slow, 147 ; 
scums and scales formed during, of 
brine of salt springs, 148 ; salts re- 
sulting from rapid or slow, 149 ; an- 
nual, of Bahr Assal, 157. 

Fana, 27, 29 ; of Genestaza, 28 ; im- 
portance of, in connection with river 
valleys, 28. 

Fascicular structure, see Baccillary. 

Faults in the valley of IJdias, 20, 21, 
62 ; in valley of Comillas, 22, 55 ; 
with downthrow in Bay of Comillas, 
23; with upthrow in valley of Udias, 
26 ; supposed, between the sea and 
Monte Yispieris, 31 ; supposed, be- 
tween Beocin and Mercadal, 31; 
supposed, near Pefiaos, 36 ; along 
coast line from Colunga, 47; how 
produced in the Bays of Santander 
and Comillas, 49 ; at Ciguenza, 69 ; at 
Pena Castillo, 62 ; at Esmeralda, 63. 

Fevers of the valley of the Jarama, 
causes of, 144. 

Fibrous structure, conditions under 
which the, is produced, 98. 

Filon Couche v. Flat vein, excellent 
example of, 72. 

Flat veins, ore of Florida occurring in, 
88. 

Forests, former extent of in the Prov. 
of Santander, 51. 

Formula, proposed by MM. Peterson 
and Yeit for hydrocarbonate, 105, 
108 ; of M. Terrell for do., 106 ; re- 
presenting hydrates formed by colloid 
bodies, 108 ; of authors for hydro- 
carbonatei 108 ; of Schindler for 
artificial hydrocarbonate, 108, 109 ; 
of Marionite, 109 ; of zinc bloom, 
110; of M. TerreU for balls, 112 ; 
formulBB of authors for balls, 112 ; 
general formula for whole series, 
113 ; formula of MM. Boussingaun 
and Schindler for hydrated dicarbo- 
nates of zinc, 113 ; of pure white 
fibrous silicate, 115 ; for moss-like 
hydrocarbonate, 116 ; of silicate of 
iron in globular sihcate of Florida, 
117 ; of dolomite of walls of joint, 
121 ; of Astrakanite, 152 ; of dolo- 
mite of the Jturama, 170 ; of pisoli- 
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thic compound of zinc supported by 
the chromatic changes produced bj 
heat, 177. 
Fossils, of the beds of Buyloba, 19 ; 
of nummulitic limestone, 13 ; of 
limestone overlying dolomite, 19 ; 
in cliffs of Bay of d^millas, 28 ; of 
hills between Beocin and Mercadal, 
SO ; of first cretaceous horizon, 89 ; 
of second and third cretaceous hori- 
zons, 41 ; in cretaceous rocks of the 
Asturias, 41 ; Jurassic, found at Bosas, 
43 ; found in rocks below the dolo- 
mite, 49 ; found by D*^ Casiano del 
Prado in the Proy. of Falencia, 50 ; 
found in tertiary limestone of Tri- 
jueque, 140 ; of the tertiary beds of 
the Prov. of Madrid, 140. 
Fossils, list of 
Ammonites bifrons, Brugn. 85, 88. 

„ Blagdeni, Sow. 60. 

„ complanatus „ 53. 

„ Geryillei, Sow. 60. 

,, insignis, SchiibL 50. 

„ Leycj'qeni, d'Orb. 50. 

„ margaritatus, Montf. 50. 

„ Martinsi, d'Orb. 50. 

„ niortensis, d*Orb. 60. 

„ Parkinsoni, Sow. 50. 

„ raquinianus, d*Orb. 50. 

„ serpentinus, Schloth. 38. 

„ subradiatus, Sow. 50. 

Ananchites subglobosus, Lam. 89. 
Anoplotherium, 140. 
Antelope, 140. 
Belemnites, 35, 38, 43, 49. 

„ canaliculatus, Schloth. 50 

„ irregdaris, Schloth. 50. 

Caprotina ammonia, d'Orb. 40. 
Caprina adversa, d*Orb. 22, 40. 
Gardinea lanceolata, Stutch. 33. 
Calamophyllia Stokesii, £dw. 38, 38, 

39. 
Gervus, 140. 
Cidaris, 30. 

Conoclypus oonoldeus, Ag. 13. 
Gyprina, 40. 

„ angulata, Flem. 40. 
Diadema granulosum, Ag. 82, 89. 

„ subangulare, Goldf. 49. 
Discoidea subuculus, Ag. 84. 
Elephas primigenius, 66, 134. 
Exogyra Boussingaulti, d*Orb. 41. 

„ haUotoidea, Qoldf. 22, 40. 
Gryphaa— — 30. 

„ arcnata, Lam. 20, 25, 49. 

„ cymbium,Lam. 49, 50. 

„ 8a 

Helix 140, 171. 

Hemiaster bufo, Ag« 84, 40. 



Hemicidaris, Ag. 34, 40. 

Hemipneustes radiatus, Ag. 15, 17. 

Hippopotamus, 140. 

Hippurites organisans, Desm. 89. 

Isocardia, 88. 

Inoceramus Hamilton!, PortL, 83, 

84, 40. 

LitharsBa 80, 82. 

Lima gigantea, Desh. 50. 

„ iniequiitriata, Miinst. 50. 
Limnsea, 189, 140. 
Mastodon, 140. 
Micraster coranguinum, Ag., 16, 17, 

80, 32, 34, 89. 
Melania Heddingtonensis, Sow. 43, 

49. 

Neriniea 40. 

„ Goodhallu, Sow. 20, 23, 49. 

„ 40. 

Nithea quiuquecostata, Br. 22, 23, 

40. 

Orbitolina 17. 

„ concava, Lam. 19, 24, 80, 

83, 40. 
Orbitolites conica, 40 

„ plana, d*Arch. 34, 40. 
Ostrea 22, 23, 34, 40. 

„ carinata, Sow. 22,23,32,40. 

„ deltoidea, „ 83,38,49. 

„ gregaria, „ 49. 

„ iatissima, Desh. 13. 

„ macroptera. Sow. 40. 
Paludina, 139, 140. 
Parasmilia centralis, Edw. 80, 82, 89. 
Pecten, 22, 23, 80, 32, 33, 34, 88, 40. 
„ cingulatus, Goldf. 83, 49. 
„ demissus, „ 49. 
„ desaformis, Schiib. 50. 
„ equivalyis. Sow. 48, 49,50. 
Pholodomya 49. 



89. 



centralis, Edw. 30, 32, 



exaltata, Ag. 50. 
„ lyrata, Sow. 83, 88, 89. 
Flagiostoma duplicatum, Sow. 49. 
Planorbis, 189, 140. 
Badiolites polyconiUtes, 40. 
Bequienia, 40. 
Bhinoceros, 140. 

Bbynchonella ^— — 84. 
„ concinna, Sow. 49. 

„ depressa, d'Orb., 19, 

24,80,40. 

inconstans, Sow. 80, 
83, 49. 
„ rlmo6a,36,38,49. 

Serpula spirulsea. Sow. 13. 
Spherulites polyconilites, Bayle 40. 
„ Toucasi, „ 89. 

Spirifer rostratus, Schloth., 50. 
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Spondylus spinosus, DeAr. 30, 82, 89. 
Sua, 140. 

Terebratulse, 31, 32, 89. 
Terebratula bipUcata, Sow. 30, 33, 49. 

„ Garantiana, d*Orb. 60. 

„ inconstans, Sow. 50. 

„ lageaalis, Schloth. 50. 

„ Menardi, Lam. 19, 22, 24, 

30, 49. 

„ numismalis. Lam. 50. 

„ obovata. Sow. 50. 

„ obsoleta, Sow. 50. 

„ peroralis, Sow. 50. 

„ Phillipsii, Morris, 50. 

„ plicatella, Sow. 50. 

„ rimosa, Von Buch, 50. 

„ sella, Sow. 49. 

„ tetraaedra. Sow. 50. 

„ yariabilis, Schloth, 59. 

Trigonia caudata, Ag. 40. 

„ daedalia. Parks, 22, 40. 
Toxaster complanatus, Ag., 40. 

Turrilites 22, 30, 82, 39. 

„ costatus, Lam. 40. 

Freitttf V. FanaSf and Feitarbon. 

Galena, of San Yioente, 18; anciently 
known, 52 ; at Venta la Vega, 56 ; 
of Angel de Toporias, 68; absence 
of, at Keocm, 70 ; in Dobra chain, 
73 ; the principal ore extracted at 
one of the Tresviso mines, 79 ; near 
Reynosa, 80 ; of Comillas, 83 ; mi- 
nute cubes of 8econdar7,on blende at 
Comillas, 84; of Florida; character- 
istic globular form of, 88 ; of Viesgo, 
93 ; imbedded in blende of Tresviso, 
96 ; blende-like, of Viesgo, analysis 
of it, 103, 122. 
Geographical Names. 
Acebal, 47. 
Aix la Chapelle, ancient workings 

near, 64 ; thermal springs of, 122, 

147. 
Aguilar del Campo, 50. 
Aleyia, 13 ; supposed existence of 

cretaceous rocks near, 14, 43, 44 ; 

limestone of, 14; 48. 
Alcaiuulra, v. Lodosa. 
Alceda, thermal springs of^ 132. 
Allande, 28. 

Algora, table-land of, 140. 
Alhama, springs of, 140. 
Andarra, Smithsonite of, 95, 96 

blende o^ 96 ; cinnabar found at, 

96 ; analysis of blende of, 102 

secondary origin of blende of, 122i 
Angel de Toporias, mines of, 21 

marly clays and sandstones of, 25 



tongue of mineralized ground con- 
stituting, 62 ; description of, 68 ; 
haematite in joints of dolomite at, 
121. 

Aranjuez, 140, 141, 142, 143, 161, 
163. 

Aralo-Caspian depression, 151 ; de- 
scription of region, 151 ; supposed 
diminution of waters of, 154, 162 ; 
analogy between steppes of, and 
central plateau of Spain, 164 ; 
changes subsequent to deposition 
of Eocene beds in, 165. 

Aral, Sea of, saline efflorescences and 
swamps of, 151 ; fall of land to- 
wards, 152, 154 ; glauber salt of 
neighbourhood of, 158. 

Aranguin, 29. 

Arganda, 141. 

Arkansas, Marionite of, 109, 130. 

Ason, river, 11. 

Astillero, beds at, and connection 
with those of Guarnizo, 35 ; ria or 
channel at, 35. 

Asturias, province of, 9, 11, 12, 27, 38, 
44, 47. 

Atacama, 157. 

Bahr Assal, remarkable salt lake of, 
157, 168. 

Bahia Blanca, efflorescences at, 155 ; 
sulphate of soda formed at, 160. 

Bagneres de Luchon, analogy of 
barytes of, with that of Florida, 
89 ; evidence afforded by hot springs 
of, 122, 132. 

Barca Bareda, 29. 

Barcena, beds of red sandstone near, 
80. 

Barro, 47. 

Bayonna, 141. 

Beeerril del Carpio, 50. 

Biscaya, province of, 39, 45, 51. 

Bohemia, mineral veins of western, 
132. 

Besaya river, 11, 13, 29, 69 ; road 
and railway along, 79. 

Bleiberg, analysis of zinc bloom from, 
110. 

Boo, beds of marly clay between 
Guarnizo and, 35. 

Briebes,28. 

Burgos, marine tertiaries near, 139. 

Bustillo de SantuUan, 50. 

Cabazon de la Sal, alluvial plain of, 
11 ; valley of; 21 ; marly clays and 
sandstones of, 25 ; comformability 
of limestone and sandstone at, 42, 
62, 68, 73. 

Cabiedez, 15 ; cretaceous rocks of, 
38. 
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Calatayudy depofiit of sulphate of loda 
at, 141. 

Campiexo riyer, 11. 

Cantabrian FyreneeB, chains which 
fotm the, 9 ; rirers which trayene 
the, 11 ; 12 ; dilection of, 27 ; three 
€tages of cretaceous nx^ in, 40, 
50, 79 ; direction of lodes del Soto 
parallel with that of, 6L 

Carlsbad, thermal springs of; 132, 163, 
166. 

Caspian Sea, changes in nature of 
the water of, 165. 

Cavadonga, mountains of; 43. 

Cells, yalley of, 16. 

Celorio, 47. 

Chenevi^res, v. Coulommiers. 

ChiU, Salinas of, 158. 

Ciguenza, bed of hydraulic limestone 
in yalley of, 20 ; mines of, 31 ; de- 
scription of mines of, 58 ; calamine 
traceable up to, 58; yalley of, 59; 
ores of, 87 ; day of lodes of, 59, 72, 
126. 

Cobreoes, 56. 

Colmenar de Oreja, quarries of, 170. 

Colorado riyer, 155. 

Columbres, 13, 14, 15, 38, 39, 43, 44, 
46, 47, 48 ; faults existing to N. and 
S. of, 48 : explanation of beds at, 
48. 

Colunga, 45, 46, 47, 48. 

Comillas, 17 ; yalley of, 1 8 ; dolomite 
of, 18 ; limestone on nxx^ side of, 
22 ; phenomena of harbour of, 22 ; 
cliffs of each side of Bay of; 23, 
25, 36, 38, 39, 40; cause of faults 
in Bay of, 49, 54, 55; marked 
characteristics of yalley of, 56 ; ores 
of mines of, 83,180. 

Consuelo, mine of, 143. 

Corrales, yalley of Los, 82, 41, 42. 

Coulommiers, beds of hydrated sili- 
cate of magnesia at, 171. 

Cransac, springs of, 147. 

Cuesta de la Heyna, lacustrine beds 
of, 140. 

Deva, riyer, 9, 11, 12; section at 
mouth of, 13: anticlinal on both 
sides of, 14 ; limestone of, 15, 75, 
29, 38; conformability of sand- 
stone and limestone in yalley of, 
42 ; opinion of D^* G. Schultz as to 
the age of the rocks of, 43 ; exten- 
sion of Jurassic band to, 44, 47, 48, 
50, 51, 73. 

Deza, springs of, 140. 

Dobra, range^ 9, 13, 16, 21 ; section 
passiog through, 31, 32 ; limestone 
of, 41, 42, 43, 44, 48, 49, 50; de- 



scription of mines of, 73, 76; ores 
of, 93. 
Dolores, 21 ; mineralixed ground of; 
62, 65 ; beds constituting, 65 ; yer- 
tiod jointing of, 65 ; description of 
cayem of, containing fossil bones, 
66, 68 ; ores of, 90, 91 ; effects of 
dropping of water in cayom of, 
100; analysis of stalactite from, 
115 ; eyidence afforded by ores of, 
131 ; determination of age of ores 
of, 134. 

Duero, geognostieal character of basin 
of, 139; was a lake during the 
Meiocene period, 164; dolomitic 
limestone of basin of, 169. 

Ebro, sources of the, 45, 80; character 
of beds in the basin of the, 139 ; 
sulphate of soda in yalley of, 141; 
basin of, was a lake during the 
Meiocene period, 164. 

£1 Soto, 45, 50 ; mine of, 79, 80, 81. 

EmUia, mines of, 58, 59 ; description 
of; 60; ores of, 87, 122. 

Escudo-mountain, succession of beds 
to, 16; red sandstone of, 18. 

Esmeralda, mine of, 20 ; limestone in 
which it occurs, 24, 63, 65 ; silicate 
of, 90 ; analysis of red Smithsonite 
of, 104. 

Espartinas, Thenardite of, 144; sul- 
phate of soda springs o^ 163. 

Feitarbon, freka of, 28. 

Florida, beds forming the mountiun 
of, 16; cretaceous rocks of, 38; 
blende of Ruyloba like that of, 63 ; 
description of mines of, 71 ; yiew 
from mountain of, 77 ; zinc bloom 
found at, 110 ; description and an- 
alysis of botryoidal silicate of, 116, 
117j barytes of, produced by hot 
springs of, 122,132. 

Fortuna, ores of mine, 61. 

Franzenbrunn, Beussioe formed by 
springs of, 158. 

Fuente de Kansa, v. Puente de N. 

Gandara, group of mines of, 68. 

Genestaza, Fana of, 28. 

Gigon, coast platforms found west 
of, 48. 

Guadiana riyer, 139, 164. 

Guarnizo, v. Boa 

Guadarrama mountains, 139, 141,142. 

Guadalaxara, table land of Algora in 
proy. of, H0\ fossils found near, 
140,141. 

Hermida, hot springs of La, 14, 42, 
73, 76, Sl\ temperature of, 132; 
connection of the mines of Ires- 
yiso with, 133. 
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Hoyambre, Cape, rocks which form, 

16, 17, 38. 
Hoz, 79, 80. 

Iquique, glauber salt of, 157. 
Irgis river, 152. 

Jarama river, sulphate of soda in 
valley of, 141; description of, 141, 
142, 143; sulphate of soda of, 
originally formed elsewhere, 155, 
156 ; conditions for the formation 
of sulphate of soda in valley of, 160, 
161 ; composition of the dolomitic 
limestone of, 170. 

Earrduaii,pakes of, 151, 152, 155, 158. 

Kigatsch, group of lakes near, 151. 

Kiltschi(^, meerschaum of, 171. 

Kirghiz Steppes, rich salt lakes of, 
162, 153, 154; results of the sup- 
posed drying up of one of the lakes, 
159 ; favourable conditions f(Mr for- 
mation of sulphateof soda presented 
by the, 160. 

La Cabada, red sandstone near, 42 ; 
Jurassic band from Puente de Nansa 
to, 43, 48 ; iron ores smelted at, 72 ; 
blende of, 94 ; absence of calamine 
at, 94. 

La Franca, 47. 

La Nestosa, 29. 

Las Caldas, 32, 73 *, ores occurring 
west of, 74, 75 ; valley of the Be- 
saya beyond, 79 ; thermal springs 
of, 132. 

Leon, position of cretaceous rocks in 
the Province of, 44, 45. 

Li^ge, clay of lead and zinc mines of, 
127. 

Lievana, forests of, 10, 51. 

Linares, 42 ; 50 ; dyke of red ochreous 
clay at, 76 ; galena found at, 76. 

Lindre Basse, Etang de, experience 
f\irmshed by, 144. 

Llabres, 47. 

Liases, 47. 

Llerganes, triassic character of red 
sandstone of, 42 ; thermal springs 
of, 132. 

Lodosa, deposit of sulphate of soda 
at, 141, 158. 

Longrei, 28. 

Lucita and Felix, S**** description of 
mines o^ 55, 56; ores of, 83 ; lach- 
rymae in geodes at, 97 ; day of, 
126; supposed engulphed stream 
flowing across lode of, 130. 

Madrid, lacustrine beds of the plateau 
of, 140 ; fossil bones in the tertiary 
beds of the Prov. of, 140, 141 ; sa- 
line character of the soil of, 160 ; 
building materials of, 170. 



Magdalena, limestone in which the 
mine of, occurs, 24; description 
of the mine of, 65. 

Maliano, peninsula of; 35 ; dip of rocks 
at, 35. 

Manzanares river, 141. 

MargoUes, 46. 

Marienbad, thermal springs of, 132. 

Mehun, Quincyte found at, 172. 

Mendoza, glauber, salt of, 158. 

Mercadal, 16 ; rocks forming low hills 
to N. of, 30; fossils nt, 30; dolo- 
mite of, 30 ; fault near, 31 ; section 
passing through, 31, 82 ; cretaceous 
rocks of, 38 ; lower green sand be- 
tween Beocin and, 41, 42, 61 ; de- 
scription of mines of, 68, 69; dolo- 
mite of, 70, 71, 72. 

Merodio, limestone of, 44; descrip- 
tion of mines of, 73 ; quartz crys- 
tals found in, 75 ; position of group 
of mines of, 77; ores of, 86, 93, 94, 
95 ; lemon yellow Smithsonite of, 
95, 176; analysis of Smithsonite 
from, 103 ; absence of hydrocarbo- 
nate in mines of, explained, 131 ; 
evidence furnished by ores of, 131. 

Mease, caverns of the valley of the, 
12. 

Miera river, 11. 

Missisdppi, periodical lakes of, 162. 

Montana, lia, name of Prov. of San- 
tander, 7, 10. 

Montana de Gredos, 139. 

Montanas de Toledo, 139. 

Monte Cabarga, deposit of gypsum 
in the Bay of Santander near the, 
35 ; rocks of, 35 ; ores abundant at, 
35. 

Monte Corona, rock constituting the, 
20. 

Montefondo, 28. 

Montes de Consuegia, 139. 

Monte Yispieris, rocks of, 29, 30; 
rocks between the sea and, 81 ; 
limestone of, 32, 39, 40. 

MontmoriUon, HaUoysite of, 128. 

Montmort, Nontronite of, 127. 

Moresnet, HaUoysite or clay of, 127. 

Moutier, treatment of mother liquors 
at, 151. 

Nalon, great fault occupied by the 
bed of the river, 29. 

Nansa river, 11, 13, 43, 44. 

Naraqja de Bulnes, 10. 

Narcea river ; case of, 28, 29. 

Navia river ; case of, 28, 29. 

Novales, bed of hydraulic limestone 
at, 20, 31, 38 ; dolomite cropping 
out in valley of, 58 ; numerous in- 
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' diGatkms of ont in the Taflejr of, 
58; weitenirideofTiIl^oi;62. 

Ocalla,157. 

Ontooeda, v. AJoeda. 

Qrena, cietioeoiis rocks of, 38, 58, 59. 

OsoDAydjrkest, 76,133. 

Palencia, cretaoeonB rocks in Fror. 
of, 43 ; jnnisic fossils foond in, 50. 

Pampsi, gUnber ssU of the, 158. 

Paiedes,28. 

Panes, 47. 

Pas mer, 11,29. 

Pelnrgo, raUej of« 19; dolomite of, 
24 ; beds between raUej of Comil- 
hwandTaIle]rof«26. 

Pei&a Cabaiga, Inm ores of, 73. 

Pefia Candil, dep. of beds near, 15, 16 

Pefto Castillo, 22 ; beds of fajdnuilic 
limestone at, 24, 25 ; d<domite and 
gTpsom near, 84, 38; &alt at, 
62; blende and calamine found 
near, 63, 68. 

Pefia MaU, qnarta crjitab found at, 
75. 

Pe&aos, TaUey between Monte Cabar- 
ga and yaliey d; 35, 36 ; beds at, 36. 

Peflas de Europe, 9; 11, 12; lower 
rangesof,14; highest peaks of the 
proT. 15 ; stmcture of, 44, 45, 47, 
50, 76; great limestone masses 
forming the, 77, 81 ; character of^ 
82 ; mines of, 96. 

Peila Vieja, blende of, 96. 

Pesebron, reoodo del, 29. 

Pesues, 13, 29 ; nummnlitic rocks at, 
38, 46,:47. 

Pico Jano, mine of, 15, 45, 50, 79, 
80, 82. 

Picos de Europa, v. FeiUui de Europe. 

Pisuena riTer, 11. 

Plombi^res, relation of red days and 
Halloysitesto the'mineral springs 
of, 129 (note). 

Po, 47. 

Porma, 47. 

Posada, 47. 

Potee, yalley of, 11 ; rocks of, 15, 44, 
29 ; supposed triassic rocks of, 46, 
50 ; relic of forest near, 51 ; mines 
of, 79, 80, 81, 82. 

Pozazal, 50. 

Pravia river, 29. 

Puente Arce, 88; description of mines 
near, 72; reappearance of dolomite 
at, 72 ; ochreous cUy of; 72; ores 
of, 92. 

Puente Nansa (v. Fuente Nansa), 43, 
44 ; hot springs of; 132. 

Puente PorUllo, mountain stream oc- 
curring at, 22 ; commencement of 



lode near, 55; dip of fimestooe 
at, 55; eogulphed streams near, 
30. 

Puente San Miguel, 29 ; beds be- 
tween Monte Viviens and, 30; 
section passing throogh, 31, 32 ; 
banks of riTer at, 69. 

Puerto de I«bena, mines near, and 
their connection with a dyke of 
day, 76u 

Puerto Eacudo^ 45. 

Puerto Suere, 42. 

Puron firer, 47. 

Quincy, hydrated silicate of magne- 
sia from, 172. 

Babia rirer, 16, 18, 38, 55. 

Kadnes, ores found at, 94. 

Raim Kale, 154. 

Bamale8,29. 

Hamsbeck, analysb of zinc bloom 
from, 110. 

Rasa Hills, dolomite of, 31 ; fimlts in, 
31 ; &ult near and upthrow, 62 ; 
group of mines of, 65, 68^ 

Base de Nueva, sandstone pbitform 
called the, 46, 47. 

Boiedo, alluTial phun of; 11. 

Beodn, dolomite of, 30 ; low hills be- 
tween Mercadal and, 30; relation 
between the dolomite ti Mercadal 
and that o( 31; section passing 
through Keodn, 32 ; cretaceous 
rocks of; 38; lower green sands 
between Mercadal and, 41, 42; 
description of the mines of, 68, 69, 
120, 71, 72; ores of, ^87; day in 
ralley of, 126. 

Beynosa, 9, 43, 44 ; description of 
mines near, 79, 80, 81. 

Bianoriyer, 11. 

Biya de Sella, 42, 46, 47, 48. 

Boiz, beds disappearing near, 15, 16, 
38. 

Bosas, Jurassic fossilB found at, 43. 

Ruisefiada, 62. 

Ruyloba, section passing near, 18, 19 ; 
fossils found near, 19 ; dolomite of, 
24, 55; transverse yalley of, 62. 

San Antolm, 46. 

San Bartdome, corals found near, 
20 ; limestone in which the mine 
occurs, 25 ; description of, 64 ; ores 
of, 90, 91, 92 ; globular specimens 
from, 100, 101 ; analysis of piso- 
lithic silicates of zinc from, 111, 
112 ; analysis of fibrous hemimor- 
phite, 114 ; evidence of intermix- 
ture of carbonate and silicate of 
zinc in stalagmites from, 115 ; 
analysis of moss hydrocarbonate, 
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116, 121 ; eridence afforded by 
ore of, 131. 
San Leonardo, v, mines, 79. 
San Martin de la Vega, mines near, 

142. 
San Pedro, occurrence of dolomite at, 

44. 
San Roqae, limestone in which the 
mine occurs, 25 ; description of 
the mine of, 65 ; ores of, 81), 90 ; 
analysis of silicated ores of, 124, 
125 ; analysis of clay of, 127 ; 
supposed nature of clay of, 128 ; 
alteration of clay, 128, 129 ; evi- 
dence of the action of thermal 
springs afforded by the ores of,131. 
Santianes, 46. 
Santuiste, 47. 

Santander, rocks in the neighbour- 
hood of the town of, 34 ; M. de 
Yemeuirs section from, to Motril, 
36, 39, 47; cause of faults in 
Bay of, 49 ; smelting of iron in 
FroY. of, 51 \ thermiU springs of 
Froy.of,132; description of mines 
near, 72. 

Santillana, 29, 31. 

San Vicente de la Barquera, estuary 
of, 15; nummulitic limestone near, 
16, 38 ; boulders on the strand 
near, 17, 18 ; cretaceous rocks at, 
38, 39, 40, 46, 48, 70. 

Saya river, 11, 13; valley between 
the Dobra chain and, 21 ; dolomite 
passes beneath the, 62, 68, 69. 

Sedlitz, Beussine found in springs of, 
158. 

Selinginsk, sulphate of soda in salt 
of; 161. 

Sella river, 46, 47, 48 ; boundary of 
carboniferous formation, 48. 

Sierra de la BorboUa, 47. 

Sierra de la Cabra, 28. 

Sierra de Cuera, description of, 14 ; 
western end of, supposed to be 
Jurassic, 44 ; the prolongation of 
the Dobra range, 48, 49. 

Sierra de Gata, 139. 

Sierra de Guadalupe, 139. 

Sierra de Guadarrama, v. Guadarrama 

Sierra del Palo, 28. 

Sierra del Pico, 189. 

Sierra de Pimiango, 47, 49. 

Sierra de Tevenes, 139. 

Sierras Albas, 9. 

Sierra Engana, 9. 

Sierra de Sejos, 9, 45. 

Sinforosa, mine of, 68. 

Sitio de la Trecha, mine of, 73, 74; 
carbonate of zinc of, 120. 



Soberbia, mine of, 59; joints filled 
with hssmatite at, 61. 

Solares, thermal spring of; 132. 

Somorostro, spathose iron of, 51. 

Somo-Sierra, 139. 

Sopenilla, 73. 

Spain, plateau of central, 139 ; sup- 
posed existence of salt springs in, 
163; constancy of dunate of, 
164. 

Suansez, 11, 72. 

Syr Darya river (Jazartes), 152. 

Tagus, basin of, 139, 141 ; plateau of 
upper, 140; waters of, 143 ; glau- 
berite of, 157 ; deposit of salt in 
basin of, 161 ; probable changes in 
basin of, 163 ; was a lake during 
the Meiocene period, 164; dolomitic 
limestone in basin of, 170. 

Tajura, Bay of, 157. 

Tamowitz, day of mines, 127. 

Tas-Kul, lake, 154. 

T^o, old road del, 17 ; village of el, 
18. 

Tma Menor, 46. 

Tineo, 2& 

Tina Mayor, quartzite of, 46, 47. 

Toledo, 143. 

Toporias, v. Angel de T. 

Torre la Vega, alluvial plain of, 11, 
88, 69 ; deposits in valley of, cover- 
ing dolomite of Mercadal, 72. 

Tramalon, 18, 23, 55; rocks at, 58; 
fossils found near, 58. 

Tra^ la Pefia, 50. 

Tresviso, rise of mountains towards, 
14 ; description of mines, 73 ; con- 
nection of dyke with mines of, 76 ; 
connection of ores of Merodio with 
those of, 77; dyke of indurated 
clay at, 78, 133 ; connection of the 
ores of Merodio with those of, 77 ; 
mines of; 78, 79 ; village and pla- 
teau of, 78; ores of, 93, 96; analy- 
sis of blende from, 102 ; secondary 
origin of blende of, 122 ; mineral- 
ized ground at, 133. 

Trijueque, fossils found at, 140. 

Turgai river, 152. 

Ubierco, section passing through 
valley of, 31 ; traces of calamine 
and blende in dolomite of, 31, 32, 
33,41,42. 

Udias, valley of, 19, 20,21,31,33 ; cre- 
taceous rocks in, 38 ; limestone in 
which the mines occur at, 24 ; fault 
in the valley, of, 26 ; conformability 
of Dobra limestone with overlying 
sandstone south of, 42; coin of 
Aurelian found in old workings of, 
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52, description of mines in valley 
of, 62; importanceoforesof Yalley 
of, 68 ; similarity of hydraulic lime- 
stone of Beocin with that of, 70 ; 
ores of mines of, 69, 131 ; analysis 
of hydrocarbonate of zinc of, 107. 

Unquiera, 13, 14, 47. 

Uralskoye, 154. 

Uskutsk, sulphate of soda in salt of, 
151. 

Vallecas, meerschaum of, 171 ; con- 
nection with the dolomite of the 
valleyof the Jarama,171; analogy 
between Quincy te and the mineral 
of, 172 ; analogy between the meer- 
schaum of Kiltschick and the mine- 
ral of, 172. 

Vargas, supposed island of trias at, 
43. 

Yenta la Vega, fossils found at, 19 ; 
lode of, 19; rocks in immediate 
contact with, 21 ; relation of dip of 
beds to, 25; dip of limestone at, 
55; ores found at, 56, 120, 71; 
zinc bloom found at, 110; ochreous 
clay, 126. 

Vicenta, mine of, 58, 59, 60 ; day of 
lodes of, 59, 126; ores of, 87, 120. 

Vic, gray salt and poly halite of, 167. 

Viesgo (Fuente), ssdine springs in red 
sandstone of, 42; oj^ion of M. de 
Vemeuil about the Dobra lime- 
stone at, 44 ; description of mines 
of, 73, 74 ; mountain pass at, 74 ; 
irregularity of mines of Puente 
Viesgo, 74 ; hot springs of; 75, 132 ; 
ores of, 93; Smithsonite of, 93; 
analysis of galena from, 103; clay 
of lodes of, 126, 128, 129 ; explana- 
tion of crystals found at, 129 ; con- 
nection of springs of, with lodes at, 
132; secondary origin of galena, 
122. 

Villa Bubia, glauberite of, 157 ; salt 
of, 160, 161. 

VillaViciosa,45,48. 

Volga, saline efflorescences and 
swamps beyond the, 151. 

Voulte, clay of iron mines of, 127. 

Vueltas de Segura, limestone o^ 139. 

Welkenrath, ancient works at, 64. 

Weser, pseudomorphic limestone of 
the, 166. 

Wiesloch, silicated hydrocarbonates 
of zinc found at, 116, 130, 133. 

Wolfenstein, pinguite of, 128. 

Zaragoza (Soragossa), 410. 

Glauber salt, accumulation of in valley 
of Jarama, 146 ; analysis of native, 



147; action of, in mother liquors 
rich in chloride of magnesium, 148 ; 
production of, 150; presence of, in 
Siberian salt, 150; of Alcanadra, 
158 ; of Aral Steppes ; of the 
Pampas, Sedlitz, and Franzenbrunn 
formed from solution, 158; of the 
Jarama formed by metamorphism of 
Thenardite, 158; origin of, in clay, 
159; necessary conditions for produc- 
tion of, in soils, 160 ; of ashes of 
halophytes, 160. 

Glauberite, 144; nature of, 145; of 
Villa Rubia, and Iquique, 157; con- 
ditions favouring the production of, 
157; harmony between the theoreti- 
cal conditions of formation, and ac- 
tual curcumstances under which it is 
found, 158; rarity of, 158; metamor- 
phosis of by water, 158. 

Globular structure, production of, 67, 
98, 100 ; of blende, 83, 84 ; apparent 
conversion of globular carbonate into 
blende, 84; conversion of globular 
blende into carbonate, 84 ; of galena 
of Florida, 88; of hydrocarbonate 
of zinc, 91. 

Gray sandstone, hard, 14. 

Greda^ accompanying Thenardite, 144; 
influence of, on colour of massive 
Thenardite, 145; analogy between, 
and mud ot lakes in Aralo-Caspian 
Steppes, 162. 

Green sand, existence of lower in the 
Province of Santander not recognized 
by M. d*Archiac, 41 ; narrow strip of 
lower, between Mercadal and Beocin, 
41. 

Gypsum in bottom of the valley of 
Udias, 20 ; immense deposit of in Bay 
of Santander, 34, 35 ; near Monte 
Cabarga, 35; deposit of, in clay 
near Beynosa, 80; decomposition of 
gypsum in sol. of common salt at low 
temperatures, 150 ; complete decom- 
position of, possible, 150; decom- 
position of fibrous, by cold solution 
of conmion salt, 150 ; action of sol. 
of salt on hard saccharoidal, 150. 

Halloysites, clays known as, 127 ; for- 
mation of, 129 ; at Flombieres, 129 
(note). 

Halophytes, variation of amount of al- 
kaline sulphates in the soil at different 
seasons, ^own by analyses of, 160. 

Haematite, brown, in vsdley between 
Monte Cabarga and Penaos, 35; 
filling joints at Maliano, 35; im- 

, mense deposits of, in Bay of San- 
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tander, 35; polished pebbles of, 
associated with dolomite, 55, 59 ; — 
filling joints at Emilia, 61; near 
Keynosa, 80; formed from pyrites 
at Eiorida, 88; nodular, at Viesgo, 
94; pisolithic conglomerate of, 94; 
filling joints at Angel de Toporias, 
121. 

Hemimorphism of disilicate of zinc, 
connection of, with changes of colour 
under the action of heat, 176. 

Horizons, gecdogical, recognizable in the 
Prov. of Santander, 38, 39, 40. 

Hot springs, v. Thermal springs. 

Hydraulic limestone, found in valley of 
Udias, 20, 70; found at base of dolo- 
mite at Beocin, 70. 

Hydrocarbonate, v. Zinc. 

Hydrates, succession of, formed by 
colloid bodies, 108 ; greatest stability 
attained by, 108. 

Inundations of yalley of the Jarama, 
142; periodic, after drainage of the 
tertiary lakes of Central Spain. 

Iron, ores of Santander, quality of, 72; 
variation in the amount of, in zinc 
ores, 103, 104; silicate of, in globu- 
lar silicate of zinc of Florida, 117; 
hydrated peroxide of, produced from 
pyrites, 120; ores of Provinces of 
Santander, Biscaya, etc, probably de- 
rived from the decomposition of dolo- 
mite, 121; oxidizing action of solu- 
tions containing, 123. 

Isomorphism of dicarbonate and disili- 
cate established, 113; of carbon and 
silica extended to silicic and carbonic 
acids, 114; explains the variation in 
amount of water in calamine, 114; 
phenomena supporting, of dicarbon- 
ate and disilicate of zinc, 175. 

Joints, variation in the ores filling, 59 ; 
filling matter of, at Yicenta, 59; 
continuity of, in valley of Ciguenza, 
69 ; vertical, in valley of Ciguenza, 
at Yicenta mine, 59, and at 
Ruyloba, 63; vertical, in beds at 
Dolores, 65 ; coating of, of do- 
lomite of Emilia, 87; of dolomite, 
121; faces of, crushed and re- 
cemented, 121 ; filled with haematite 
at Angd de Toporias, 121; age of, 
134 ; in mass of .sulphate of soda, 162. 

Jurassic, corals found in limestone be- 
tween Esmeralda and San Bartolome, 
20; character of the dolomite of the 
Prov. of Santander, 39; rocks sup- 
posed to extend tq Biver Deva, 44 ; 



band of, rocks on north flank of Can- 
tabrian chain, 43, 45 ; simple explana- 
tion of the phenomena of the Prov. 
of Santander and Asturias, 48 ; divi- 
sions of — rocks, 50 ; ores later than 
tiie — formation, 138. 

Lachryma, opalescent and botryoidal, 

87, 95; of curious conglomerate of 
Bacines, 94 ; pear shaped, of S***- Lu- 
cita and Felix, 97 ; conditions favour- 
able to production of, 97 ; formed by 
colloid substances, 98; of Yicenta, 
99. 

Lakes, supposed ancient lakes of the 
Jarama, 143 ; salts resulting from the 
evaporation of, 149; group of, near 
the Eigatsch, 151 ; summer salts of, 
152 ; tertiary, of Central Spain, 161; 
164 ; shallow, formed during torren- 
tial rains, 161; periodical, of Missis- 
sippi, 162. 

Landslips, great, in the Asturias, 27, 
28. 

Lead, smelting, traces of ancient, in the 
Prov. of Santander, 52. 

carbonate of, found at San Barto- 
lome, 64; in Dobra chain, 73 ; at Yies- 
go, 75 ; crystals of^ found in geodes of 
carbonate of zinc, 86; resulting 
from decomposition of ores of Florida, 
88; large transparent crystals of, 88; 
in acicular crystals at San Barto- 
lome, 92; of Yiesgo, 93; resulting 
from decomposition of ores at Yiesgo, 
93 ; (y. Cerussite — ^Minerals). 

— phosphate of, earthy, of Florida, 

88, 89. 
Lias, upper, 50. 

Lignite, seams of, in blue day, 58. 

Limestone, characteristics of the, por- 
tion of the Prov. of Santander, 9, 
12; nummuUtic, of Boiz, and Cape 
Hoyambre, 15, 16, 17; of section 
IL, 17, 18; ddomitic, of del Tejo, 
17, 18; shelly, of Udias, 20; over- 
lying the dolomite in the valley of 
Comillas, 19; underlying dolomite of 
Beocin, 30 ; in which the mines Es- 
meralda and Magdalena occur, 24; 
hydraulic, at Pena Castillo, 24; 
in which the mines San Bartolome 
and San Bog[ue occur, 25; of 
Dobra chain, 30, 33, 41, 42, 44, 
45, 48; characteristics of Dobra, 
73; of Monte Yispieris, 32; ju- 
rasfflc character o^ of the river 
Deva, 44; of Merodio, 44, 77; of 
Tresviso, 44; jointing of, at San 
Bartolome, 65; at the base of 
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dolomite of Beocin, 70 ; near Beynosa, 
80 ; of Yiesgo, clay found in joints of, 
94 ; Jurassic looking, of Tresviso, 96 ; 
and partial conyersion of, into barytes, 
96 ; of Vueltas de Segura, 139 ; silicious, 
of yalley of the Tagus, 140 ; substitu- 
tion of, for salt, 166 ; lacustrine dolo- 
mitic, of the Jarama, 170, durability 
of, 170. 

Lime, presence of in blende of Andarra, 
102; replacement of, by zinc in fossil 
bones, 119. 

carbonate of, precipitation of, by 

eyaporation of sea water, 149 ; gradual 
combination of silica with, 171. 

phosphate of, in fossil bones par- 
tially converted into phosphate of 
zinc, 119. 

sulphate of, action of, in produ- 

' cing sulphate of soda, 147; mutual 
decomposition of chloride of sodium 
and, 150. 

Lode, in what sense understood, 54 ; ele- 
mentary, in the ralley of Ciguenza, 
60; at Kuyloba, 63; near Las Cal- 
das, 74 ; at Sitio de la Trecha, 74 ; 
nature of, at Merodio, 77; at Pico 
Jano, 82; passage of, into dolomite 
at Emilia, 87 ; ochreous clay of, 126; 
connection of with springs at Puente 
Yiesgo and Tresviso, 133. 

Lustre, satin, silk, and mother of pearl, 
how produced, 98. 

Magnesia, presence of, in blende of An- 
darra, 102; carbonates of, wholly 
removed in the process of deposition 
of ores, 120; carbonate of, precipi- 
tated by evaporation of sea water, 
149; abundance of, in upper ter- 
tiary deposits of Central Spain, 161 ; 
beds of hydrated silicate of, 171. 

sulphate of, nature of crystals, of 

Calatayud, 141 ; action of, in produc- 
ing sulphate of soda, 147 ; mutual 
decomposition of common salt and, 
148, 150, 156 ; deposited by evapora- 
tion of sea water, 150 ; eflSorescences 
of; 153. 

Magnesium, chloride of, presence of, 
in sulphate of soda of the Jarama, 
146 ; formed by mutual decomposi- 
tion of common salt and sulphate of 
magnesia, 148, 151 ; presence of, in 
lakes of Aralo- Caspian basin, 151. 

Mammillated structure, developement 
of, in ores of Merodio, 94 ; observa- 
tions on, 96 ; origin of, 99. 

Manganese, bed of ore of, at Alevia, 
14 ; oxide of, found at Yiesgo, 75 ; 



black spongy tissue of, left as a cast 
of galena crystals, 85 ; coating caries 
of crystals, 86 ; amount of, in zinc 
ores very variable, 103; oxidizing 
action of solution of proto-carbonate 
of, 123. 

Meerschaum of Vallecas and of bann of 
Duero, 171 ; of Kiltschik, analogy 
with that of Yallecas, 171. 

Metallurgy, ancient, of the north of 
Spain, 51, 52. 

Metamorphism in lodes proceeds from 
above downwards, 120 ; of carbonates 
into sulphides, 122 ; where most ac- 
tive, produced by hot springs, 135 ; of 
Thenardite, 158. 

Minerals, baccillary structore of, 98; 
botryoidal structure of, 96, 98, 99 ; 
caries of minerals, 86, 123; colloid 
state of, 98, 108; fibrous structure of, 
98; globular structure of, 67, 96, 98, 
100 ; lustres of, 98 ; mammillated 
structure of, 96^ 99; pisolithic struc- 
ture of, 100 ; reniform structure, 94, 
96, 99; purity of, in the valley of 
the Jarama, 147 ; accompanying' 
common salt of Aralo-Caspian Step- 
pes, 153. 

— — List op : 
Astrakanite, 152, 158. 
Barytes, sulphate of, 71, 83, 87, 89, 

93, 94, 132. 
Bloedite, 158. 

Bitter spar, 60, 87 (see also Dolomite) 
Blende, 54, 56, 68, 70, 79, 80, 83, 84. 

87,88,93,94,96,102,122. 
Calcite (calc spar), 74, 87, 94. 
Calamine, 18, 56, 64, 73, 80, 87, 88, 

104. 
Cerrusite (see also Carbonate of lead) 

94. 
Clay, 20, 30,^ 60, 75, 80, 89,90, 94, 

127, 128. 
Copper, ores, 15, 73, 80. 

carbonate of, 73, 74, 78, 80. 

silicate of, 95. 

Dolomite, 16, 18, 19, 21, 31, 84, 38, 

39, 45, 58, 60, 62, 71, 72, 75, 121, 

140, 170. 
Exanthalose (see Hydrated sulphate 

uf soda, Glauber salt, and Mira- 

biUte), 144. 
Galena, 18, 52, 56, 68, 70, 73, 79, 80, 

83, 84, 88, 93, 96, 103, 122. 
Goethite, 93. 

Glauber salt, 148, 150, 158, 159, 160. 
Glauberite, 144, 145. 157, 158. 
Gypsum (see also Plaster of Paris), 

20, 34, 35, 80, 150. 
Halloysite, 127,129. 
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Haematite, 65, 59, CI, 80, 88, 94. 
Hemimorphite, v. Zinc, di-silicate of, 

114. 
Hydrocarbonate of zinc (see Zinc). 
Iron, ores of, 72, 117. ^ 

carbonate of (see Spathose Iron). 

Lead, carbonate of, 64, 73, 75, 86, 88, 
92, 93, 94, 120. 

phosphate of, 88, 89. 

ores of, 62, 63. 

Lowelte, 168. 

Magnesia, sulphate of, 141, 163. 

Manganese, ores of, 14. 

Manganite, 14. 

Marionite, 109. 

Meerschaum, 171. 

Mirabilite (see also Ezanthalose, and 

Glauber salt), 168. 
Nontronite, 127. 
Ochre, 86. 
Pinguite, 128. 
Polyhalite, 167. 
Pyrites, 72, 88. 
Quartz, 16, 16, 75, 77, 78, 79, 94, 96-, 

129. 
Quuicyte, 172. 
Beussine, 158. 
Salt, common. 
Silicate of zinc (see Zinc). 
Smithsonite, 54, 68, 69, 77, 79, 83, 

85, 87, 89, 92, 93, 94, 96, 96, 103, 

104, 120, 121, 130, 134. 
Spathose iron, 61. 
Talc, 95. 

Thenardite, 144, 146, 149, 158, 163, 
Vermillion (see also Cinnabar;, 94, 
Zinc, hydrocarbonate of, 20, 64, 63, 

66, 88, 89, 90, 91, 100, 104, 106, 

107, 108, 130, 131. 

balls of, 92, 100, 105, 111, 112, 

115. 

bloom, 86, 87, 99, 100. 

di silicate of, 54, 65, 86, 88, 

89, 90, 92, 96, 100, 111, 112, 113, 
114, 117, 124, 128, 176, 176. 

Mines, old, 53; enumeration of prin- 
cipal, 53 ; classification of, 64. 
^— List of : 

Alcanadra, 158* 

Aleria, 14. 

Andarra, 122. 

Angel de Toporias, 21, 62, 68. 

Aranjuez, 141. 

Calatayud, 141. 

Ciguenza, 58, 69, 126. 

Clara, 71. 

Colmenar de Oreja, 170. 

Consuelo, 143. 

Dobra range, 13, 21, 31, 82, 73, 93. 



Dolores, 62, 65, 90. 

£1 Soto, 79, 80, 81. 

Emilia, 31, 58, 69, 60, 61, 87. 

Esmeralda, 24, 63, 66, 90. 

Espartinas, 163. 

Florida, 63, 71, 88, 110,132. 

Eortuna, 81, 61. 

Gandara, 68. 

Iquique, 157. 

Isidore, 71. 

Jarama, 141, 155, 170. 

Josephina, 130. 

La Cabada, 94. 

Las Caldas, 73, 75, 79. 

Linares, 42, 78. 

Lodosa, 141. 

Lucita and Eeliz, 65, 56, 126. 

Magdalena, 24, 65. 

Maliano, 35. 

Mazimina, 70. 

Mendoza, 168. 

Mercadal, 61, 70. 

Merodio, 73, 75, 77, 94, 131. 

Monte Cabarga, 35, 61. 

Novales, 58, 61. 

Numa, 63, 65, 121. 

Osuna, 76. 

Penas de Europa, 15, 44, 82, 96. 

Pico Jano, 15, 79, 80, 81, 82. 

Potes, 15, 79. 

Paente Arce, 72, 92. 

Puente Portillo, 22, 65. 

Puerto de Lebena, 76. 

Racines, 94. 

Basa, 65, 68. 

Beocin, 68, 69, 87, 126. 

Beynosa, 79. 

Buyloba, 62. 

San Bartolome, 63, 90, 100, 101, 121, 

131. 
San Leonardo, 79. 
San Martin de la Vega, 142. 
San Boque, 65, 125, 128. 
Santander, 72. 
Sinforosa, 68. 

Sitio de la Trecha, 73, 74, 120. 
Soberbia, ^9, 61. 
Somorostro, 45, 51. 
Tresviso, 73, 76, 78, 96, 103, 133. 
Ubierco, 31. 
Udias, 62, 68, 89. 
VaUecas, 171, 172. 
Yento la Vega, 21, 25,56, 110. 
Vicenta, 68, 59, 60. 

Mining, industry of the Proy. of San- 
tander, 51 ; influence of new law, 63. 

Mother liquor, of crystals of Thenardite, 
145 ; composition and treatment of, 
at Moutiers, 161. 
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Mud alluvial, oonnection of, with metal- 
liferous lodes, and with Halloysite, 
128, 129, 130, 136. 
Muddiness, peculiar, of water obsenred 

by M. Noschel at Baim^Kale, 154. 
Muschelkalk, of the Weser, 166. 
Names of Pbbsons mentioned in this 
work: 
Amar, M. de, pseudomorphosis of 

meerschaum obsenred by, 171. 
Balard, M., researches on eyapora- 
tion of sea water, 149 ; formation 
of anhydrous sulphate of soda 
noticed by, 167. 
Bayo, D°* J. Ezquerra del, Jurassic 
fossils found at Rosas by, 43; on 
the marine tertiaries of central 
Spam, 139 ; on the existence of 
rock £»lt in the basin of the upper 
Tagus, 161. 
Bischo£^ Prof., opinion of, on the 
source of the metals of mineral 
veins, 124. 
BonnsdorflT, analysis of artificial zinc 

bloom by, 110. 
Boussingault, M., formula of hy- 

drated dicarbonate of zinc, 113. 
Breislak, estimate of the total salt in 

the ocean by, 166. 
Bowles, observation of, on the waters 

of the Tagus, 143. 
Burat, M., v, Dufrenoy, M., 168. 
Casaseca, Prof., on Thenardit«, 163. 
Cordier, M., on the angles of Then- 

ardite, 146. 
Damour, M., on the dehydratation 

of zeolites, 106. 
D'Archiac, M., 34, 39, 40, 41, 42, 43, 

49, 60, 6L 
Darwin, Mr., efflorescence in South 

America observed by, 164. 
Daubree, M., views of, on action of 

hot springs, 132. 
De Beaumont and Dufrenoy, M.M., 
Jurassic and cretaceous rocks of 
Biscaya according ^ geological 
map of France of, 45. 
De Yerneail and De Lori^re, M Jf ., 
age ai Umestone of oentnd Spain 
according to, 139 ; tertiary locks 
of central Spain described by, 140 ; 
springs at junction of cretaceous 
and tertiary formation mentuxied 
by, 140, 16a 
De Yemeuil, M., 34, 36, 37, 88, 39, 

40, 41, 42, 48, 44, 61. 
Dobereiner, Profl, reaction which 
occurs when gypsom and common 
salt are boiled together according 
to, 147, 148. 



Dufrenoy, M., determination of the 
quantity of water discharged by 
springs at Vichy by, 135; report 
of M. B«arat on the glauber salt 
of Alcanadra communicated to, 
168. 
Elderiiorst, Dr., analysis of Marionite 

by, 109. 
Gdbel, Prof., composition of the 
water of the Kigatsch lakes ac- 
cording to, 161, 152; variation in 
the amount of alkaline sulphates 
in halophytes as shown by the 
analysis of, 160. 
Hahnemann, observations on the mu- 
tual decomposition oS chloride of 
sodium and sulphate of lime, 160. 
Harris, Major, on the salt lake of 

Bahr Assal, 157. 
Hausmann and Striiver, pseudomor- 

phic limestone described by, 166. 
Helmersen, von, age of some of the 
beds of tiie Aralo-Caspian r^on, 
according to, 154, 164. 
Heine, Herr, composition of scums 

and scales, accoi^ng to, 149. 
Hess, Prof., sulphate of soda found in 

Siberian salt by, 160. 
Humboldt, Alex, von, gypsum and 
salt of plain of Madrid noticed by, 
160. 
Javot, M., 37, 39, 66, 67. 
Jutier, M., observations of, on the 
mineral springs of Plombi^res, 129 
(^note). 
MiiUer, Herr, views of, on the rela- 
tion of hot springs to mineral veins 
in Bohemia, 132. 
Noschel Herr, succession of beds be- 
tween the Syr Darya and Irgis 
observed by, 153 ; peculiar muddy 
lakes between Uralskoye and 
Baim-Eale observed by, 164, 159. 
Peterson and Veit, Messrs., analysis 
of hydrocarbonate of zinc, 104, 
105, formula for it proposed by, 
108, density of it according to, lOO. 
Biegel, Herr C, silicated hydrocar- 
bonates of zinc of Wiesloch ana- 
lyzed by, 116. 
Bivi^re, M., views of, on the metal- 
liferous deposits of Santander, 133. 
Bose, Prof. H., formation of sulphate 
of soda from sulphate of magnesia 
and chloride of sodium, 148; an- 
alysis of Astrakanite by, 162. 
Bose, ProC G., Astrakanite, so named 

by, 152. 
Schnabel, Dr. C, analysis of zinc 
bloom by, 110. 
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Schultz, D»- G., 12, U, 27, 29,36, 87, 
43, 44, 45, 46, 47, 61. 

Schindler, Hert, formula proposed 
for an artificial hjdrocarbonate of 
zinc by, 108; objections to this 

. formula also applicable to that of 
zinc bloom, 110 ; formula of dicar- 
bonate of zinc proposed by, 
113. 

Smithson, Mr., determination of Sp. 
Gr., and analysis of zinc bloom by, 
110. 

Striiver, v. Hausmann. 

Terrell, M., analysis of hydrocarbo- 
nate of zinc by, 105 ; reasons for not 
admitting formula for hydrocarbo- 
nate of zinc proposed by, 105; 
density of hydrocarbonate accord- 
ing to, 110; balls examined by, 
112. 

Thomson, Dr., formation of anhy- 
drous sulphate of soda observed 
by, 156. 

Veit, V. Peterson. 

Neocomien, upper, beds representing, 
40 ; rests everywhere oa dolomite, 
40. 

Nodular ore, found in limestone at 
Reocin, 87, analysis of, 104 ; nodular 
haematite at Viesgo, 94. 

Nuclei, of galena, at Florida, 88 ; opa- 
lescent, of balls of silicate of zinc, 
111. 

Nummulitic rocks near Pesues, 13 ; 
beds near San Vicente, 15 ; of Cape 
Hoyambre, 17. 

Ochre, fine orange, coating cells in 
Smithsonite, 85. 

Ochreous clay, in valley of (Domillas, 
19; in valley of Beocm, 69; at 
Puente Arce, 72 ; indurated mass of, 
at Viesgo, 76; vertical dyke o^ 76; 
of joints of lodes, 126. 

Old workings, Boman coin found in, 
at Udias, 52 ; for galena at Venta 
la Vega, 56 ; at San Bartolome, 
64. 

Ores, associated with dolomite of Bay 
of Santander, 34 ; found at Maliano, 
35; at MonteCabarga, 35; nature of 
ores found in the province, 54; of 
the valley of ComiUias, 55 ; of Emilia 
mine, 60 ; quantity of, raised at the 
Venta, 57 ; at Florida, 72 ; of Dolores, 
65, 66 ; of Mercadal, 70, 71 ; most 
abundant, at Puente Arce, 72 ; 
found in Dobra chain, 73, 74 ; at 
Puente Viesgo, 74 ; of Merodio, 77 ; 



remarks on mode of production of, 
83 ; caries of, 86 ; explanation of, 
123 ; curious tu&ceous, of San 
Boque, 89; reniform, of San Barto- 
lome, 90; scoriaceous form of, of 
Merodio, 95 ; age of, 133 ; white, 
considered as post tertiary, 134; age 
of, relatively to that of joints, 
134. 

Oxidation, carbonate of zinc derived 
Irom blende by, 120 ; new ores 
formed during, of blende and galena, 
122, 123 ; greatest agent of, for me- 
tallic sulphides, 123. 

Paramenia of central Spain, 139. 
Panstones, 148, 149. 
Pertinencias, nature of, 53. 
Physical features of Prov. of Santander, 
8 ; of Prov. of Asturias, 27 ; of Valley 
of Pot«8, 81, 82 ; of tertiary region of 
I Tagus basin, 140. 
' Pisolithic configuration of hydrocar- 
I bonato of zinc, 91, 92; origin of — 
I masses, 100; amorphous silicate of 
( zinc. 111. 

i Plaster of Paris, decomposition of, 
i by strong solutions of common salt, 
i 150. 

. Platforms, coast, between Biva de Sella 
I and Tina Menor, 46, 47; west of 
1 Gigon, 48; period of upheaval of, 
49. 
Pockets, at Venta la Vega, 56, 120 ; 
absence of galena in ore of, 57 ; con- 
taining silicate of zinc, 86. 
Potash, reactions of basic silicate of, on 

carbonate of zinc, 131. 
Pseudomorphism, pseudomorphic crys- 
tals of sulphate of barytes, after bitter 
spar, 87 ; pseudomorphite of hydro- 
carbonate, after moss, 91 ; of Smith- 
sonite, after calc spar at Merodio, 94 ; 
mirabilite produced by, 158; pseudo- 
morphite of meerschaum, after cal- 
dte, 171. 
Pyrites, deposita of, at Santander, 72 ; 
predominadng structure <tf, 72; of 
Florida, 88. 

Quartz, crystals of, found at Cells, 16; 
at Vie«go, 75, 94, 95; in Smithsonite 
of Merodio, 77, 95 ; as veinstone of 
galena at San Leonardo, 79 ; expla- 
nation of the occurrence of, in clay of 
Viesgo, etc., 129. 

Quartzite, altenuiting with limestone in 
coast platforms, 46; white crystalline, 
at Tresviso, 78. 
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Radiated structure, conditions neces- 
sary for the formation of, 98. 

Beniform structure;, origin of, 99. 

Biver yaliejs traversing the Dobra 
range, 12 ; origin of, 26, 28, 29. 

Salinas of Bahia Blanca, 155; analogy 
between the, of Chili, and the salt de- 
posit of Bahr Assal, 158. 

Salnitrales of Bahia Blanca, 155. 

Salt— oxidizing action of salts of iron 
and manganese, 128 ; traces of com- 
mon, in basin of the Duero, 139; ac- 
tion of common, on sulphates of the 
alkaline earths, 147, 150; remarkable 
deposit of, near Eigatsch Lakes, 152; 
found in loams and days of Aralo- 
Caspian Steppes, 153; reactions of 
mixed salts in clay, 159 ; of Villa Bu- 
bia, 161 ; in Tagus basin, 161; estimate 
of total, in the world by Breislak, 165 ; 
substitution of limestone for, 166. 

Sandstone, red, forming bottom of valley 
of Udias, 20; beds of soft, at Merca- 
dal, 20; beds of red, accompanying 
Dobra limestone, 30 ; absence of fos- 
sils in, 41 ; connection of hot springs 
with, 75; beds of, at Potes, 81, 82. 

Scums and scales, sulphate of soda in, 
148; composition of, 149. 

Shale, beds of hard, in valley of Potes, 
15. 

Shingle, quartz gravel or, of Beocin, 
32 ; loose, at Tresviso, 78; evidence 
afforded by, of the valley of the Jar- 
ama, 143. 

SiUcates, alkaline, considered as pre- 
cipitants, 131. 

Silicic add, evidence of its being a deu> 
toxide, 114; gradual combination of, 
with carbonates of alkaline earths, 
171. 

Silver, absence of, in galena of Florida, 
88. 

Slate clay, unconformability of beds of, 
12, 81. 

Smithsonite, 54, 68, 69 ; peculiar posi- 
tion of a mass of, 77 ; of Tresviso, 
79 ; of Comillas, 83 ; massive, 85 ; 
ochre and manganese coating crystals 
of, 85 ; of Emilia mine, 87 ; crystals 
of, coating druses, 87 ; of Florida, 8~ 
peculiarities of, of Puente Arce, 9 
globular, of Viesgo, 93 ; conversion 
of blende into, 85, 94, 96 ; pseudomor- 
phic,94 ; tufaceous, filling hollow pseu- 
domorphite of, 94; dense white, of 
Merodio, 95, 103; of Tresviso and 
Penas de Europa, 96 ; general compo- 
sition of massive, 104 ; found north of 



the Dobra range more ferruginous 
than that of the Dobra or Peiias de 
Europa, 103 ; derived in part only from 
blende, 120; difference between the, of 
limestone and dolomite, 121 ; format 
tion of, 130; poet tertiary age of part 
or whole of, 134. 

Soda, remarkable quantity of^ in day 
of San Boque, 124 ; reaction of basic 
silicate of, on carbonate of zinc, 
131. 

Soda, sulphate of, deposits of, 141; 
banks of in the valley of the Jarama, 
1 42 ; influence of, in producing fevers , 
144 ; three states in which found, 144 ; 
conditions of formation of, 147 ; ori- 
gin of, in scums and panstones, 148; 
non-production of, at moderate tem- 
peratures, 150; explanation of the 
origin of beds of, in the valley of 
the Jarama, 155 ; influence of tem- 
perature on production of, 157 ; for- 
mation of anhydrous, 162 (y, The- 
nardite). 

Sodium, chloride of, mutual decomposi- 
tion of sulphate of magnesia and, 
below 0^ C, 150 ; and of sulphate of 
limeand,150(v. Salt> 

Solubility, comparative, of sulphates of 
soda and magnesia at different tem- 
peratures, 148; influence of, on for- 
mation of sulphate of soda, 156. 

Spedfic gravity, of Spanish hydrx>car- 
bonate, 110; of zinc bloom, 110; of 
Thenardite and mirabilite, 146. 

Springs, rich in carbonate of zinc at 
San Boque, 128 ; influence of mud of, 
on formation of lodes of zinc, 128 ; in 
Central Spain at the base of the chalk, 
140, 163; of Cransac, 147; of the 
Paramo de Buiz, and Bio Vinagre, 
147 ; salt of, containing glauber salt, 
163; of Espartinas, containing sul- 
phate of soda, 163 (v. Thermal 
springs). 

Stratigraphical succession of beds in 
the valley of ConiiUas, 19 ; forming 
harbour of Comillas, 24; of Monte 
Yispieris, 80; up to Puente San Mi- 
guel, 30. 

Stalactitic, origin of, ore at Tresviso, 
79 ; blende, 84, 85; carbonate of zinc 
of Comillas, 87; hydrocarbonate of 
zinc, 87, 90, 92 ; formation of stalac- 
tites explained, 100. 

Steppes between the Syr Darya and 
Irgis, rocks of, 153. 

Streams, connection between metalli- 
ferous lodes and, 63, 66, 135, note. 
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Synclinal trough, near Florida, 16; be- 
tween two lines of cOast platforms, 48 

Table Mountains, near Columbres and 
Fesues. 38; between Biya de Sella 
and Tina Menor, how prodttced, 
49. 

Talc, sllTer white, accompanying 
Smithsonite of Merodio, 96. 

Temperature, of hot springs, 73, 76 ; at 
which sulphate of soda ciystaUizes 
out of brine containiDg sulphate of 
magnesia, 148; obsenred at Bahr As- 
Bal,167 ; influence of variation of, on 
the reactions by which sulphate of 
soda are product, 159 ; of table lands 
of Central Spain, 161 ; at which the 
molecular cluuiges of silicate of zinc 
take place, 175. 

Tertiary formation,relation of the white 
zinc ore with, 134 ; of Central Spain, 
189, 140 ; connection of the deposit of 
sulphate of soda vrith, 141; abundance 
of magnesia in upper, 161. 

Thenardite,composition of chief mass of^ 
144 ; of Espartinas, 145, 163; analy- 
sis of, 146 ; hydratation of the out- 
crops of the beds of, 146 ; tempera- 
ture of formation of, 149. 

Thermal springs of Aix-la-Chapelle, 
eyidence afforded by, 122, 147; of 
Alceda, 132 ; of Bagn^res de Luchon, 
formation of pyrites and sulphate of 
barytes by, 122; the sulphate of 
baiytes of Florida proves the former 
existence of, 89; of Carlsbad, 132, 
163; of Franzenbrunn and Sedlitz, 
158; of Hermida, 14, 42, 73, 81, 76, 
132, 138; evidence of the action 
of, afforded by the sinter of San 
Boque, and the soda in its clay, 131 ; 
of Las Caldas, 132 ; of Llerganes, 
132; of Marienbad, 132; views of 
MM. Daubree and H. Miiller on their 
connection with mineral veins, 132 ; 
of Solares, 132 ; temperature of the, 
of Santauder, according to D"' P. 
M. Kubio, 132; relation of red clays 
and Halloysites to, of Plombidres, 
129 (note); connection of, with up- 
heaval of Pyrenees, 135; argument 
as to the formation of ores from the 
discharge of water of, of Vichy, 
135; ofViesgo, 73, 76. 

Trias, how the term is employed, 60: 
the rocks of Potes, Pico Jano, and del 
Soto, may not be, 50. 

Turronien {Terrain)^ beds representing 
the, 39. 



Unconformability between limestone of 
the Deva valley and slate clays of 
Potes, 44; 45. 

UpheaTal, loop formed by, of dolomitei 
21; of beds in the valley of ITdias, 
26; of coast line, evidence of, 47; 
connectfott of faults of Comilks with 
last,49; supposed connection between 
hot springs and, 135. 

Valleys, formation of river, 26, 28, 29 ; 
connection between mineralized 
points at Comillas, and transverse, 
59, 135 (note). 

Vega of the valley of Jarama, 141. 

Veins, r. Lode. 

Veinstone, of sulphate of barytes re- 
placing carbonate of lime, 93; of 
white Umestone, calc spar and baiytes 
at Vie8go,94; original, of Merodio, 
94; of Tresviso ores, 9& 

Vernoillion, found at Viesgo, 94 ; in the, 
Penas de Europa, 96. 

Water, in massive red carbonate of zinc, 
87; action of dropping, 100; loss of, 
by hydrates when expoised to dry air, 
or to a temperature above 40° C. 
1 05, 106 ; in calamines analyzed want- 
ing in atomic relations, 114 ; analysis 
of, of Kigatsch lakes, 151 ; lake-like 
accumulations of, observed by Nos- 
chel in the Aral Steppes, 154. 

Zinc, replaced by iron at Florida, 88 ; 
effects of solutions containing, on 
fossil bones, 118; evidence of, having 
been originally precipitated as a car- 
bonate, 134 ; all compounds of, with 
carbonic add and water require to 
be reexamined. 111. 

bloom, warts of, 86, 87 ; lachrymae 

associated with, 87, 99; density of, 
110; found at Venta and Florida, 
110; analysis of, and formula repre- 
senting composition of, 110. 

carbonate of, v. Smithsonite. 

dicarbonate, coexistence of con- 
ditions of formation of, 113. 

disiUcate of, 54 ; presence of, at 

Dolores, 65 ; found in pockets at 
Comillas, 86 ; globular, found in 
pockets at Florida, 88 ; intimate 
association of, with carbonate of 
Udias, 89, 92 ; of Esmeralda, 90 ; 
at Merodio, 95 ; pisolithic com- 
pounds of dicarbonate and disili- 
cate of, 100, 111, formulae assign- 
able to, 112, 113, action of heat upon, 
176 J in water of Dolores cavern, 

14 
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100; analjuB and formula of pure 
white i&brous, 114 ; combined with 
silicate of iron, 117 ; of San Roqne, 
1^4, generally encloses carbonate, 
deduction from this fact, 114, na- 
ture of claj of weathered, 128; in 
ProT. of Santander a new ore, 



124 ; action of fine alluYial mud in 
producing, 128 ; isomorphic with cor- 
responding dicarbonate, 175; green 
colour pn^uced by heat peculiar to 
disilicate, 176. 

— phosphate of, formation of, by 
substitution in fossil bones, 119. 



J. F. Fow LXK, Printer, S Crow Street, D«ine Street, Dublin. 



Digitized by VjOOQIC 



Digitized by VjOOQIC 



Digitized by VjOOQIC 



Digitized by VjOOQIC 



Digitized by VjOOQIC 



